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THE STANDARD OF TECHNICAL EXCELLENCE, 
QUALITY AND RELIABILITY 
Dubilier Capacitors fully justify the confidence placed in 
them by leading designers and production engineers. 

The Moulded Mica and Metallised Mica Capacitors are 
small, light and dependable in arduous service and they 
have excellent electrical characteristics. 

The 635 is the smallest Moulded Mica Capacitor manu- 
factured, and the 680 is particularly suitable for Television 
or other apparatus where higher voltages pertain. 

The Protected Metallised Mica Capacitors are manu- 
factured by a specially developed process and they 
provide inexpensively a high degree of stability. 


MAKERS OF THE WORLD'S FINEST CAPACITORS | 


B paired 


DUBILIER CONDENSER CO. (1925) LTD., DUCON WORKS, VICTORIA ROAD, NORTH ACTON, W.3 








Phone: Acorn 2241. Grams: Hivoltcon, Phone, London. Cables: Hivoltcon, London. Marconi International Code, 
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BELLING-LEE 
QUIZ (No. 4) 


Answers to some of the questions we are 
continually receiving by letter and telephone 


- 


@.14. Cana television aerial be used for broadcast reception ? 


A. Yes, in districts where there is little or no interference. Many people 
have got into the bad habit of doing without an aerial and have never heard 
their sets at their best because they have always had to operate with the 
volume control unnecessarily full. When installing a television receiver 
a television aerial is almost essential, so when it is being erected, an insulated 
lead should be taken ** from the metal cross arm to the broadcast receiver. 
This lead need not be disconnected when receiving television—it exercises 
a negligible effect. 


@.15. Can a television aerial be 
used as an anti-interference aerial ? 


A. Yes. A Kit ** comprising 
transformers and cable is available, 
provision being made to secure the 
aerial transformer to the * cross 
bar of the television aerial, the rest 
of the system being carried out as 
an ordinary anti-interference 
installation. 





@.16. Must a dipole and reflector always point directly at the television 
transmitting station ? 


A. Generally, yes, but an installation department or any people doing a 
large number of installations know that it is often advantageous to rotate 
the television aerial slightly one way or the other due to distortion of the 
polar diagram caused by local conditions at the receiver end. The rotation 
of the receiver aerial is also often used to improve the ‘‘ signal to noise ’’ 
ratio where there is local interference. See next question |. 


(Repeated from Quiz No. |.) 
@.1. What are the advantages obtained when using a reflector with a dipole. 
A. (a) It is necessary in areas of weak field strength to increase the signal 
input to the receiver. 


(b) The directional properties can be utilised as a means of minimising 
interference, particularly so, if the aerial can be installed in such a position 
that the location of the source of interference is placed behind the reflector 
in relation to the transmitter. 


(c) By rotating the aerial, ghost image can be reduced or eliminated. 


@.17. What type of plug and socket is recommended for use with L.336 
balanced feeder. 


A. The L.303 * range for skirting board terminations and wander plugs 
for the receiver. The ..303 range are flat pin plugs complying with BSS.613 
and are available for flush mounting and proud mounting and in Brown and 
Cream (Cream in short supply). 


- - » TO BE CONTINUED 


*! Belling-Lee Patent No. 519883., 520628. 
*2 1392/100, £7. 10s.; L392/120, £8 6s., including two transformers. See 
illustration. Suffix No. denotes length of L122! feeder cable. 


* =L.303/F 3-way socket flush mounting, Brown 3/- ; Cream 3/9 each. 
L.303/P 3-way plug flush mounting, Brown 1/44 ; Cream 1/9 each. 
L.303/S 3-way socket surface mounting, Brown 2/9 ; Cream 3/6 each. 


BELLING € LEE LTD 


CAMBRIDGE ARTERIAL ROAD, ENFIELD MIDDX 
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POTENTIOMETER 


TYPE 


D-72-A 


for all measurements based on potential difference 







Measures from - 0-01 volt to 


+ 1-92 volts on three ranges of x 1, 


x O-l and x 0-01. 
Smallest subdivision on X 0-01 
range, 10 microvolts. 


Small negative reading ensures absolute zero volts 


position. 


ACCESSORIES 
FOR USE WITH 
THIS INSTRUMENT 
Volt Ratio Box 
TYPE A-202-A 
Western Standard Cell 
TYPE D-113-A 


Accurate current control by stud rheostat and slide Galvanometer 


wire. 


TYPE D-41-A 


Separate standard cell balancing circuit. 
Terminals for two external circuits selected by switch. Lampstand 





_ MUIRHEAD 


TYPE D-74-A 





Muirhead ¢» Company Ltd., Elmers End, Beckenbam, Kent. Tel. : Beckenbam 0041-2 
FOR OVER 60 YEARS 
DESIGNERS & MAKERS OF PRECISION INSTRUMENTS 





CR.C, 35 




















ACTUAL SIZE 
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SOLON 


INDUSTRIAL 





SOLON ELECTRIC 
SOLDERING IRON 





SOLON 
ELECTRIC 
INSULATION 
STRIPPER 






SOLON Industrial 
Electric Apptiances 
are designed for 
practical use under 
factory conditions. 
They are robust and 
efficient. 
The Soldering Iron 
illustrated is repre- 
SOLON ELECTRIC sentative of a range 
SOLDER POT which includes 
models with various 
types of bits suitable for a wide variety of jobs. Models are 
available for low voltage supply as well as for standard voltages. 
The Insulation Stripper provides a quick method of severing the 
insulation neatly without damaging the conductor, by means of 
an electrically heated wire. 
The Solder Pot maintains } Ib. solder at working temperature. 





Please write for Folder Y9. 


W. T. HENLEY’S TELEGRAPH WORKS CO., LTD. 
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51-53, HATTON GARDEN, LONDON, E.C.1. 
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Tue U.I.C. Fixed Ceramic 





Pot Capacitor—KO 2944 
DISC —illustrated above, has been 
D no. primarily developed for use 
in transmitter circuits. Made 
only from the highest grade 
raw materials and subjected 
to the most rigorous tests, 
its rating for its size is un- 





Specially 
suitable for 


PULSE WORKING 
Capacitance Range 


3 pF - 50 pF surpassed. 
Working Voltage 
? a ering Capacitance Range: 120— 
' LO ss 
Up to 10 pF 2kVA 250 pF. RF Load : 26 kVA 
with 2 amps. with 14 amps. Working 


Up to 50 pF 0.8 kVA 








Voltage: 5kV R.M.S 


with 1.5 amps. 








Further details on application. 


UNITED INSULATOR CO LTD 


Oakcroft Rd., Tolworth, Surbiton, Surrey 
Telephone : Elmbridge 5241 Telegrams : Calanel, Surbiton 


Unsurpassed In Ceramics] 
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Tue Model 7 Universal AvoMeter is 
the world’s most widely used combination 
electrical measuring instrument. It pro- 
vides 50 ranges of readings on a 5” scale and is 
guaranteed accurate to B.S. first-grade limits 
on D.C. and A.C. from 25 to 100 ¢/s. 
It is self-contained, compact and portable, 
simple to operate, and almost impossible 
to damage electrically. It is protected by 
an automatic cut-out against damage 
through severe overload, and is provided 
with automatic compensation for variations 


in ambient temperature. 


Write for fully descriptive pamphlet. 


Sole Proprietors and Manufacturers : 
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ONE INSTRUMENT 
measures :— 
Current, A.C. and D.C. (0 to 10 amps.) 
Voltage, A.C. and D.C. (0 to 1000 v.) 
Resistance (up to 40 megohms) 
Capacity (0 to 20 mfds.) 
es ~~ pied Power Output (0 to 


ts) 
Decibels “pak 25 Db. to + 16 Db.) 
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The AvoMeter is one of a useful range_of 
“ Avo” electrical testing instruments which 
are maintaining the “‘ Avo ” reputation for an 
unexcelled standard of accuracy and depend- 
ability—in fact, a standard by which other 
instruments are judged. 


AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co. Ltd., Winder House, Douglas Street, London, S.W.| 


Telephone : ViCtoria 3404/9. 











STROBOSCOPES 





High speed moving parts can be 
viewed as if stationary with the 
DAWE STROBOSCOPE and can 
be photographed with the aid of 
the DAWE PHOTOFLASH. 


Write now for full details of 
these essential equipments. 





OTHER INSTRUMENTS 





SOUND & VIBRATION METERS AND 
ANALYSERS @ MOISTURE METERS @ 
TEST GEAR FOR MASS-PRODUCTION 
TESTING @ PRECISION RESISTORS 
AND CONDENSERS @ A.C. BRIDGES 
AND OSCILLATORS @ INSTRUMENTS 
FOR MEASURING FREQUENCY & 
WAVE-FORM @ VALVE VOLTMETERS 
AND POWER METERS 


For complete details of these essential 
equipments write : 


DAWE INSTRUMENTS LTD. 


wate AVE. GREAT WEST RD. 
BRENTFORD, MIDDLESEX 


Telephone : EALING 1850 








es 
Write for: “characteristics 


BASI LY. BETTER 
SPY C£D 





CO-AK eamtanens 


TRANSRADIO LTD. t6 THE HIGHWAY: BEACONSFIELD-6-BUCKS, 
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Frequency compensated 


A.C. VOLTAGE 
STABILISATION 


% + 1% change in mains frequency reduced to 
+ 0.05% in output voltage. 


%& + 1% change in supply voltage will not 
change output by more than + 0.04%. 


ye Output voltage held within the extreme 
limits of + 0.14% for simultaneous variations 
of + 6% in voltage and + 2% in frequency. 

¥*& Visually perfect waveform. 

% Made in sizes of 12, 24, 60, 120, 240 and 480 


VA. Input 190/260 volts, 50 c/s. Output 
voltage any desired value. 


CUESIEOIES 
“STABILISTOR” 


Type “B” 





Please write for E.E.2 to :— 
WESTINGHOUSE BRAKE & SIGNAL CO., LTD. 
82, York Way, Kings Cross, London, N.! 


NIFE All Steel. Batteries 


@ Containers, Terminals 
ws =§=6 and even the Plates are 
made of steel and prac- 
tically indestructible. 

















@ Active material totally 
enclosed. 


@ Completely inert on 
open circuit and does 
not suffer from local 
action and standing loss. 


@ No corrosive fumes. 


@ Alkaline electrolyte 
non-corrosive to all cell 
pasts, including term- 
inals, 


meer MORE URE. NTF 


there is 
Nife Batteries are not yet available for private cars or domestie wireless 


NIFE BATTERIES LIMITED + HUNT END WORKS - REDDITCH » WORCS. 
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Me SE Bie 
VP. 133 


Filament Voltage Filament Voltage 13-0V 
Filament Current 0-65A Filament Current 0-2A 
Maximum Anode Voltage 250V Maximum Anode Voltage 200V 
Maximum Screen Voltage 250V ‘Maximum Screen Voltage 200V 
Mutual Conductance 3-0mA/V Mutual Conductance 3-ImAI/V 


travers Yaracal 


The VP. 41, designed for use in A.C. Mains Receivers and the VP.133, in AC/DC Receivers, are 
Variable-mu Screened Pentodes. 

Both valves are particularly suitable for use in the I.F. and H.F. stages of All-Wave Receivers 
when a variable-mu characteristic is required. Their signal handling capacity is very large and 
cross modulation has been reduced to a low value. 

In receivers where it is desired to reduce components to a minimum it is possible to feed the 
screen voltage to these valves and their respective frequency changers, TH.41 and TH.233, 





through a common series resistance. 
In relation to anode voltages the maximum rated screen voltages are remarkably high for 
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RADIO VALVES AND CATHODE RAY TUBES 
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valve base was introduced it 

was realised that this would mean 
the adoption of yet another system 
of basing and another socket. The 
British Radio Valve Manufacturers’ 
Association have now announced 
the adoption of two British stand- 
ard bases for the all-glass valve— 
the B8A and the B8B. 

The B8A, which will be used 
wherever possible, is the smaller 
of the two with an overall diameter 
of 22mm. The pins are located on 
a pitch circle of 11.5 mm, and in 
addition to having a centre spigot, 
there is a- boss on one side which 
fits a locating lip and retaining ring 
in the valve-holder. 

This is an entirely new base and 
wil) have connexions which do not 
correspond with other types. The 
schedule issued covers a very wide 
range, including H.F. pentodes with 
two cathode connexions, double- 
diode triodes with separate cathodes 
(very useful) and double triodes 
(also useful). It will also be possible 
to use the spigot as a metal con- 


Fi vave the time when the all-glass 





B8A and B8B 


nexion to a screen or extra electrode. 

The BSB is for larger valves (shell 
diameter 32 mm., pitch circle 17.45 
mm.) and includes the existing 8-pin 
‘ Loktal’ range of valves and allows 
for a spigot which is not grooved. 

The Association have already 
agreed on the policy of producing 





ELECTRONIC ENGINEERING 
MONOGRAPHS 


The fourth Monograph in the series is 
now ready under the title : 


The Gas-filled Triode 
and its Applications 


By 
G. WINDRED, A.M.LE.E. 


This subject is of interest to all 
industrial firms who have. installed 
electronic apparatus and to those 
concerned in its operation and 
maintenance. 


heal 


Copies can be d from Technical 
Booksellers, price 2s. 6d., or direct from 
the Circulation Dept. Hulton Press, 43 
Shoe Lane, E.C.4. Price 2s. 8d. post free. 














a standard range of valves which is 
capable of being manufactured by 
all its members and which will 
provide interchangeability among 
various makes. This standard range 
will make use of the B8A base, 
except where power dissipation re- 
quires the use of the larger, and will 
conform to a standard convention 
for pin connexions. 

This announcement of intending 
standardisation on a new range 
should be welcomed by the radio 
industry and all valve users, to 
whom the multiplicity of bases and 
conventions has given a headache 
in the past. 

How unfortunate, therefore, to 
hear the faint jarring note in the 
flourish that heralds a new era of 
standardisation : 

“ It is a fact that in the immediate 
future a number of new valve types 
will be issued by various member 
manufacturers on one or other of the 
two standard bases, but none of these 
will be valves within the new 
standard range.” 

Did anybody smile ? 
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Specialised 
Metallurgica 
Products 
in Industry 


Nickel and nickel ajjoy tubing for use as thermionic valve cathodes. 
Fig. 2. Interesting examples of metallised glass and ceramics. 
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A Description of 


some Processes and Services 


now available to 


Electronic & Telecommunications 


Engineers 


URING recent years, with the 
D2 development of electronic 

apparatus and its application to 
both war and peace-time aims, it has 
become more and more necessary to 
evolve new forms and _ alternative 
methods of using constructional 
materials. 

Metals in all their forms play a very 
large part in this evolution. Often 
the constructional materials employed 
are composite in nature, either con- 
sisting of two or more similar metals 
incorporated in one product, or a 
combination of metal and insulating 
material. To the electronic engineer 
the most interesting and useful fields 
are covered by electrical contact and 
resistance materials, the use of new 
forms of metals in thermionic tubes, 
and the composite forms of metal and 
glass or metal and ceramic. 

In the last case, very considerable 
advances have been made in the 
past few years and there are now 
available not only improved methods 
of applying metals to the insulating 
material but also improved control of 
their application to produce a com- 
posite product with any desired 
characteristics. 

It is obvious that a close liaison 
between the metallurgist and the 
engineer must be maintained in the 
design of the completed article to 
ensure that the best use is made of the 
materials available, and in some cases 
the metallurgist may even undertake 
some of the mechanical design prior 
to handing over to those concerned 
with the practical embodiment of the 
component, It is often possible for 
the metallurgist to advise a modified 
form of material which will not only 
meet the requirements but which will 
actually improve some of the quali- 
ties of the finished product. 

This is particularly the case with 
metals to be used under vacuum 
conditions and in electron devices 


B 


Fig. 3. Examples 

of work coils for 

induction heating 
apparatus. 


where the overall performance is 
largely dependent upon the physical 
characteristics of the metals used, 
and of the limitations imposed by 
the forms in which these metals 





Fig. 4. Photo-micro- 
graph (X22) of heat 
and corrosion re- 
sistant gold _ film 
graticule: , inch 
divided in 100 parts. 
The gold markings 
are fired on to the 
surface of a_ glass 
support. 











can be prepared. The metalluigist’s 
responsibilities do not, however, end 
at this point for he must be capable 
of specifying the optimum method of 
working and fabricating his metals to 
extremely close limits and has to be 
continually striving, not only to 
maintain or improve these limits, but 
to produce his metals in such a form 
that they can be worked more readily. 


Cathode Tubing 


Fig. 1 is an interesting case in 
point concerned with the production 
of tubing in nickel and nickel alloys 
for use as thermionic valve ‘cathodes. 
These tubes, ready for assembly into 
valve structures, may be made not 
only to close external and internal 
tolerances but in an endless variety of 
cross-sections and _ special shapes. 
One of the problems in producing 
tubes for this work is concerned with 
maintaining them completely free of 
contamination from either organic or 
inorganic materials which would sub- 
sequently have a deleterious effect 
upon their operation in the valve. 








330 





Fig. 5 (above) (a,b,c). High stability silvered 
mica condenser plates assembled into packs 
in a form suitable for the manufacture of 
completed d s. The wax covered 
condensers (d,e), are examples of close 
tolerance eyelet assembied plates especially 
prepared for use in high stability oscillators. 
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High accuracy tubes are, of course, 
not always required, but a uniform 
and flawless product is essential. 
Fig. 3 illustrates some typical ex- 
amples of copper tubing of various 
cross sections wound into coils for use 
with induction heating equipment, the 
large diameter coil being for use in 
low frequency induction melting 
apparatus, while the smaller types are 
for use at radio frequencies. In the 
latter case, where coil currents are 
high, the tubing is electro-plated with 
silver to minimise losses. A subse- 
quent protective deposit of rhodium 
is sometimes used where the local 
conditions are such that the silver 
deposit might be damaged by pro- 
longed exposure in corrosive atmos- 
pheres. By way of comparison the 
measuring instrument designer re- 
quires a light alloy tube in very small 
sizes for use as pointers, and tubes 
having an outside diameter of 0.010 in. 
with a wall thickness of 0.001 in. are 
not unusual. 


Metal Films on Glass 

As has already been pointed out, 
considerable use can be made of the 
composite forms of metal and glass 
as well as other insulating materials. 
Of particular interest to the optical 
instrument designer is a composite 
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product of this type in which fine 
markings may be produced on glass, 
such as the measuring graticules 
shown in Fig. 4, by means of an 
extremely thin film of gold fired on to 
the surface. This gives a robust, 
permanent and heat and corrosion 
resistant scale, electrically conductive 
and capable of being either a positive 
or negative image. A process rather 
similar to this is used in the pro- 
duction of optical filters with a 
transmission in the blue end of the 
spectrum, a gold film of accurately 
controlled thickness being fired on tc 
the surface of a glass support. These 
are particularly valuable as_ heat 
filters due to their small absorption of 
energy at wavelengths greater than 
0.65 microns, by far the greater part 
being reflected by the gold surface. 
Modifications of this process enable a 
range of colour filters to be produced 
by making use of films of either pure 
metals or of mixtures of metal oxides. 
Interesting variants of the art of 
mating metals to glass are shown in 
Fig. 2, where metallised ceramic 
bushings and glass tubes ready tinned 
for soft soldering into apparatus 
enable a hermatic seal to be obtained 
together with good electrical insula- 
tion. 


Fig. 6 (left). Television type cathode ray tube screen with a matt black vitreous enamel 


mask fired on to the inside surface. 
using vitreous enamel transfers. 


(Right) Similar treatment of an oscillograph tube 


Complete absence of parallax is achieved. * 
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Closely controlled processing and 
the use of modern techniques permit 
the manufacture of silvered mica con 
denser packs (Fig, 5), to close limits 
of capacity and having highly stable 
characteristics. These, of course, 
would not be of the type normally 
used in standard radio receivers, but 
find their réle in wave filters for 
carrier telephony and as _ precision 
components in high stability oscilla- 
tors and like apparatus. 

In recent years the use . of 
vitreous enamels as a means of 
marking glass has been prominent 
in the manufacture of industrial equip- 
ment and although apparently having 
little connexion with metallurgy, 
metal oxides are used for colouring 
as in the ceramics industry. Two 
examples of the use of vitreous enamel 
to the electronic engineer are shown 
in Fig. 6. The measuring scale is 
fired on to the inside surface of the 
screen of a cathode-ray oscilloscope 
prior to the application of the fluores- 
cent powder. In the second example 
a mask has been formed on the screen 
of a television receiving tube using a 
matt black enamel over which the 
fluorescent powder forming the screen 
is subsequently applied. This gives 
a mask having no parallax with the 
picture, while reflexion of stray light 
inside the tube is reduced, resulting 
in an improved contrast ratio. 

Fig. 7a above illustrates the better 
known field of specialised contacts, 
while below (Fig. 7b) are shown ex- 
amples of rhodium-plated contact 
elements which have found such a 
wide field of application in communi- 
cation and radio-frequency engineer- 
ing. The thickness of the rhodium 
deposit is determined by the mechani- 
cal and electrical conditions existing 
in any one particular application, but 
0.002 in, is usually considered the 
thickest practical deposit, while for 
protection against tarnish 0.0001 to 
0.0002 is usually adequate. The 
outstanding feature of such a rhodium 
deposit is its extreme hardness and 
complete protection against oxidation. 

Thanks are due to Johnson, Matthey 
& Co., Limited, for permission to 
publish this article, and for the use ot 
photographs which are representative 
of the range of products shown at their 
recent exhibition at Dorland Hall. 
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lead 


plated base metals having electrolytically dep r 


Fig. 8. 


t faces have a wide 





field of use in communication and electronic equipment. 





£. 








Typical contact springs and ting 
phosphor bronze and nickel silver. 








332 


Electronic Engineering 


November, 1946 


Some Considerations in the Design of 
Communication Receivers 


ceiver’ is very comprehensive, 

embracing as it does everything 
between the modified domestic re- 
ceiver and receivers weighing several 
hundredweight and occupying many 
cubic feet. 

In this article the term is confined 
to those which are self-contained and 
portable or ‘‘semi portable’? and 
cover from some 30 Mc/s. to 130 kc/s. 

Let us consider in turn the attributes 
of such a receiver and investigate the 
compromises which have had to be 
made in its development. Among the 
more important attributes are :— 

1. Stability. 

2. * Resetability ’’ and accuracy of 
calibration, 

3. Sensitivity, 

4. VG, 

5. Adjacent channel selectivity and 

image response (see 8). 

Ease of handling. 

Flexibility in operation, 

Freedom from _ whistles, cross- 

modulation hum, flutter, micro- 

phony, radiation, direct and mains 

borne pickup, etc. 

g-. Signal strength indication. 

(1), (2) Stability, etc. 


It will be seen that stability heads 
the list and that ‘‘ resetability ”’ 
follows it closely. As on many occa- 
sions the required signal must be 
received at the first transmission, the 
receiver must be capable of respond- 
ing when set to the dial reading at 
which the signal was last received. 
This must be independent of the tem- 
perature, shock, setting of other con- 
trols, change of wave range, etc. 
Presupposing that searching is effected 
in the least selective condition, this 
will entail a maximum allowable 
change in frequency of about + 15 
kc/s. from all causes, including dial 
backlash. At 30 Mc/s. (the highest 
frequency considered) this means a 
stability of 500 parts per million. 

As both mis-setting and drift are 
unavoidable, let us allow + 9 kc/s. 
for the former and + 6 kc/s. for the 
latter. As 1/20th of an inch is about 
as much as can be conveniently read 
by a normal operator, the scale cali- 
bration should nowhere exceed 200 
ke/s, per inch on a “ logging scale.”’ 


[he term ‘‘ Communication Re- 
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Fig. |. Typical A.V.C. characteristic for a 30% modulated signal. 


Since the rate of change of fre- 
quency with rotation is greater at the 
higher frequencies with a normal con- 
denser law, this will necessitate an 
effective scale length of about 100 in. 
for a maximum frequency ratio of 
2—1 (30 Mc/s.—15 Mc/s.) on the 
highest frequency band. 

If a normal operator can tune 
satisfactorily when the rate of change 
of frequency is 2 kc/s. per degree 
of rotation, the drive ratio must be 
greater than 30/1 and preferably of 
the order of 60/1 or 80/1 for this fre- 
quency ratio. Since the movement 
of the operator’s wrist is angular, 
any increase in size of the tuning 
knob above some 2 in. in diameter 
does little to increase the ease of 
control. Whatever the type of drive 
and scale chosen, they must be such 
that reasonable mechanical shock 
can shift neither the condenser nor 
the dial setting. The backlash must 
be less than a } degree of rotation 
of the tuning knob, and a dial back- 
lash corresponding to this. 

An oscillator stability of + 6 kc/s. 
at 30 Mc/s. under all conditions is 
perfectly feasible but demands some 
care in design. If provision is made 
for the H.T. voltage to be removed, 
or the receiver otherwise muted for 
short periods, it is normal to exclude 
from this drift the initial minute 
during which the valve heaters are 
warming. The slow frequency drift 
with temperature change must be 
cyclic if any serious attempt is to 
be made to correct it. Coils and 


condensers must, therefore, be so 
constructed that constraint occurs in 
the same plane as the expansion 
causing the greatest shift of induct- 
ance or capacitance, and the oscil- 
lator should be placed in the coolest 
part of the receiver. Since the per- 
centage drift is normally approxi- 
mately constant over each tuning 
range, the temperature frequency 
correction should be integral in the 
design of inductances if the drift of 
the oscillator tuning condenser is 
small. The same percentage change 
in frequency is then corrected at all 
tuning condenser settings, whereas 
With capacity correction it can 
only be accurate at one frequency. 
Stability with shock demands a cer- 
tain ruggedness in construction, 
secure fastening of components, etc., 
and either the counterbalancing of 
the ganged condenser, or the provi- 
sion of a flywheel drive. Alterna- 
tively, a split worm drive may be 
used. Stability with supply voltage 
variation is best assured by using a 
stabilised H.T. line for the oscillator 
anode and screening grid, and by 
coupling the oscillator valve as 
loosely as possible to the tuned 
circuit. 

It will be obvious from the fore- 
going that quite a large proportion 
of the cost will be expended in pro- 
viding an accurately calibrated stable 
oscillator and that what one might 
call the frills may be provided with 
little extra cost in proportion. 

Since the input capacitance of a 
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Fig. 3. A communication receiver which exemplifies the number 
of controls required for ‘ flexibility.’ 


valve changes in direct proportion 
to the initial mutual conductance and 
the applied bias, the 1.F. amplifier 
should be so designed that this 
causes no appreciable frequency shift 
when the A.v.c. voltage varies. 
Although this contributes little to the 
long-term stability its effect, which 
will be dealt with later, may be con- 
siderable. 

(3), (4) Sensitivity and A.V.C. 

Inherent in high gain receivers is 
the problem of noise, avoidable and 
unavoidable. Of the former the most 
usual sources are modulation hum, 
noisy resistors, valves, etc. The 
latter is a phenomenon due to the 
random movement of many millions 
of electrons each second. 

The sum effect of this is the pro- 
duction of a uniform gamut of 
frequencies of a minute magnitude. 
The noise output of an amplifier will, 
therefore, depend on the amplifica- 
tion (M) and the overall frequency 
response (Af). 

The energy in the thermal agita- 
tion noise generated in a tuned cir- 
cuit, as its title suggests, is propor- 
tional to the absolute temperature 
(7) (i.e., the motion of the electrons) 
and to the tuned impedance of the 
circuit (Z,). Since the noise generated 
in a valve is due to the random 
atrival of the electrons at the anode, 
the noise energy must be propor- 
tional to the anode current (/,). 

As energy is proportional to the 
square of current or of voltage, we 
may — noise energy as either : 

—_ or echins 
ki ha 

Thus the thermal agitation noise 
energy becomes 7.2..Af, and the 
noise voltage £, = V kal Zo. Af, 
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which is very approximately 
1.25 x 10-“VZ,.Af. The noise out- 
put is M.1.25 x 10-"VZ,.Af. 

Similarly, the noise energy in the 
anode circuit of a valve is /,.Af, and 
the noise component of the current 
is: 





ye = V kil. Af. 
If this is compared with a signal 
(Jas) derived from a voltage (Ey) at 
the grid, they will bear some ratio 





(N). The mutual conductance 
Gm = —— ; hence the signal noise 
Es 
las Gu Bien 
ratio V = or —————— for a 
£ Vials Df 


given degree of modulation. 

It will thus be seen that, other 
things being equal, the best signal/ 
noise ratio will be achieved with the 
valve in which the mutual conduc- 
tance is highest for a given anode 
current, and with as large a signal 
voltage as possible at the grid. 

Now let us consider the frequency 
changer; its ratio of conversion con- 
ductance to anode current will be 
worse than the ratio of mutual con- 
ductance to anode current for a 
similar amplifying valve (of the 
order of }). Thus for the same signal / 
noise ratio as could be obtained from 
an amplifying valve, the signal volt- 
age at the grid must be increased 
roughly in the ratio of these conduc- 
tances and the amplification must be 
sensibly free from noise. This im- 
poses firstly a limit to useful gain 
in the I.F. amplifier; secondly, a 
minimum gain in the stage preced- 
ing the frequency changer; and 
thirdly, a minimum gain in the stage 
before that. This gain should be 
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Fig. 4. The same receiver showing the general rugged con- 
struction and a low drift worm driven tuning condenser. 


such that the voltage generated in 
the frequency changer shall be small 
compared with that from the first 
tuned circuit after being amplified in 
the R.F. stages (say 8 db. below). 

The limit to useful amplification in 
the whole receiver is reached when 
the thermal noise generated in the 
first (aerial) tuned circuit, when ter- 
minated with an impedance equal to 
that of the aerial, can fully load the 
output stage with the receiver in its 
most selective condition. 

To maintain amplification at its 
useful limit at all frequencies is 
possible but demands a certain com- 
plexity in R.F. couplings, and a mini- 
mum of two R.F. stages at the 
higher frequencies. Assuming this, 
any received signal is capable of 
loading the output stage, and the 
signal/noise ratio for a given pass 
band is dependent only on the ratio 
of A.V.C. applied before and after the 
frequency changer. 

Obviously, then, the best possible 
results are obtained with the I.F. 
amplifier controlled by an A.V.C. 
whose delay voltage is just greater 
than the amplified noise voltage at 
the A.v.c. rectifier, with the receiver 
in its most selective condition, and 
with A.v.C. applied to the R.F. stages, 
only when the signal/noise ratio is 
better than some 30 db, with the re- 
ceiver in its least selective condition. 
Unless amplified A.v.c. is used the 
control will be insufficient to prevent 
overloading of the final I.F. stage 
with the signals of some 120 db. above 
those of unity signal/noise ratio, and 
to prevent overload of the R.F. 
stages with signals of some too db. 
above the same level. Such an A.V.Cc. 
system should be capable of holding 
the total output constant within + 





334 


1 db. from zero input to one volt, at 
which level the receiver should be 
capable of ‘handling a modulation 
depth of some 70 per cent. or 80 per 
cent. (see Fig. 1). It is obvious that 
if provision is made for removing the 
A.V.C. two gain controls must be 
fitted, one for the R.F. and one for 
the I.F. amplifier. 


(5) Selectivity 

Unless the receiver is designed for 
one specific purpose, any compromise 
in selectivity will be poor for all other 
purposes. For instance, the inter- 
ference on a_ particular received 
station may at times demand a band- 
width of at most 5 kc/s. at 6 db. atten- 
uation, while at other times permit 
the use of one of some 20 kc/s. Again, 
for C.W. reception a small bandwidth 
will suffice, and if a wide bandwidth 
is used the operator may have to 
provide aurally the discrimination 
between two signals of different pitch, 
a very tiring business, 

If the receiver is for general pur- 
pose use, the slight extra complica- 
tion of providing a variable selec- 
tivity is far outweighed by its ad- 
vantages. The bandwidth of the 
most selective condition is determined 
by the overall frequency stability of 
the receiver, as is the attenuation rate 
in dbs. per kc/s. The latter, how- 
ever, is also limited in some cases by 
the H.T. regulation and the A.V.C. 
characteristic. If a change in signal 
level and the corresponding A.vV.c. 
voltage change is sufficient to cause 
a sensible variation in H.T. demand, 
this in turn may cause a frequency 
shift in the local oscillator. A con- 
dition may then arise where the local 
oscillator is frequency modulated by 
this change in anode potential, and 
rectification occurs of the amplitude 
modulation of the signal caused by 
the frequency discrimination of the 
I.F. amplifier. A form ef continuous 
oscillation sets in which is one form 
of what is sometimes described as 
“ flutter.” If the I.F. amplifier fre- 
quency shifts with A.v.c. voltage 
change, this effect is greatly accen- 
tuated. Similarly, if the loudspeaker 
is so placed that an acoustic feed 
back path is provided to vibrate the 
oscillator, continuous oscillations of 
the same nature occur which may de- 
velop into a microphonic howl whose 
frequency is that of a mechanical 
resonance in either the loudspeaker 
or the oscillator circuit. The usual 
bandwidth limits at 6 db, attenua- 
tion are from 500 c/s. with an attenua- 
tion rate of some 20 c/s. per db. to 
some 15 kc/s. with attenuation rate of 
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Fig. 2. Typical selectivity characteristics. 


0.125 in kc/s. off tune per db. attenua- 
tion. (See Fig. 2.) 
(6) Ease of Handling 

It is almost impossible to assess the 
ease with which a receiver may be 
handled without lengthy tests under 
various conditions by both skilled and 
unskilled operators. For instance, 
during searching for a station whose 
frequency is not definitely known, 
and whose signal strength is un- 
known, an operator will be unwilling 
to reduce the output level on strong 
signals in case the desired signal is 
weak and thus missed. In considera- 
tion for the operator the output 
should be of constant level inde- 
pendent of the input and the speed of 
tuning. The A.v.c. characteristic 
must therefore be extremely good and 
have a less selective response than 
that of the signal circuits. The time 
constant of the A.v.c. must also be 
carefully chosen and related to the 
drive ratio. 


(7) Flexibility 

Since, without a revolution in tech- 
nique, no communication receiver 
can improve greatly on the sensitivity 
given by some of the better types now 
in use, and since no two users require 
the same features, flexibility in opera- 
tion offers the greatest scope for im- 
provement. The provision of the 
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controls necessary to give this flexi- 
bility, while enabling a skilled opera- 
tor to obtain the best performance 
possible under any condition of re- 
ception, incurs the risk of mishand- 
ling by an unskilled operator. Thus, 
flexibility must be combined with 
ease of handling. This precludes 
any simultaneous or progressive ad- 
justment of two or.more controls, 
and demands that the user, by setting 
controls to definite positions or to 
give definite readings (viz., the maxi- 
mum deflection on a meter), shall be 
able to obtain an adequate perform- 
ance. : 

If the controls are placed in two 
categories, (a) those which both 
skilled and unskilled operators can 
be expected to use, and (b) those 
which should be adjusted only by 
skilled operators, then the former 
might be continuously variable while 
the latter couid be either switched 
controls or such that they permit nor- 
mal operation if left at one end of 
their travel. 

The table below summarises for 
each control (a) the precautions to be 
taken against misuse by an unskilled 
operator, and (b) the advantages 
derived from its use by a skilled 
operator. 


WavE CHANGE 
(a) Indication must be definite. 
b 


TUNING 
(a) The motion must be very slow and a 
tuning indicator must be fitted. 
(ob) Tuning for optimum signal/noise 
ratio is simpler if a tuning indicator 
is fitted. 


AERIAL TRIMMER 


(a) A tuning indicator must be fitted. 
(6) Remarks as for ‘‘ Tuning ”’ (6). 


L.F. Gain 
(a) A roughly calibrated scale is useful 
for presetting. 
(6) A pointer at least is required. 


I.F. Gain 


(2) Must function at maximum gain 
without sensible overload on strong 
signals and must not detune the 
I.F. amplifier or the oscillator. 
As “ L.F. Gain” (a). 

(6) May be used as sensitivity control 
without decreasing the signal/noise 
ratio. It is useful for providing a 
quiet background on slow C.W. 
As “ L.F. Gain ” (6). 


R.F. Gain 


(2) Must function at maximum gain 
without sensible overload on strong 
signals and must not detune the 
oscillator. As “ L.F. Gain” (a). 








N 


(b) I 
t 


SELECTI 


Noise I 
(a) C 
hi 

(b) Ce 
Sp 

ti 
CRYSTAL 


(a) R 
(b) R 


PHASING 
(a) Sh 


This | 
trols, etc 


1. Wav 
indic 
2. Tuni 
moti 
vern 
3. Sign 
on 
logar 
120 « 
4. Aeriz 
stay 
wave 
5. Norn 
6. LF. 
at m 
of so 
tive. 
7. ee, 
at mi 
of so: 
tive. 
8. Band 
3-5 St 








led 


xeS 
led 


id a 


oise 
itor 


ted. 


eful 


yain 
ong 
the 
tor. 


trol 
oise 


ig a 
Ww. 


zain 
ong 
the 





November, 1946 


(b) Is essential to avoid cross-modula- 
tion in some conditions. As 
“L.F. Gain ” (5). 


SELECTIVITY 
(a) Some deterrent is desirable against 
tuning in wide bandwidth condition, 
(b) Should be continuously variable for 
the best performance in all condi- 
tions, but several switch positions 
will give an adequate compromise. 


L.F, CHARACTERISTIC 

(a) Provision should be made to 
prevent misuse in conjunction with 
the selectivity control. 

(b) Is useful with severe interference 
to supplement the selectivity con- 
trol or to give balance to the 
programme, 


NotsE LIMITER 
(a) Can be safely used if limited to a 
high percentage modulation level. 
(b) Can be used with advantage on 
speech to a low percentage modula- 

tion level. 


CRYSTAL SELECTIVITY 
(a) Remarks as for “‘ Selectivity.” 
(6) Remarks as for ‘‘ Selectivity.”’ 


PHASING CONTROL 
(a) Should never be entrusted to an 
unskilled operator. 
(b) It requires an operator of some 
considerable skill to use this 
correctly on C.W. . 


B.F. OscILLATOR 
(a) Must not desensitise the receiver 
nor be “ pulled” by the signal. 
(0) ~~ 


A.V.C. TimE CONSTANT 
(a) Would rarely be correctly used by 
an unskilled operator. 
(b) Can often be used with advantage 
on C.W. 


This would suggest that the con- 
trols, etc., should be as follows :— 


1. Waveband selector; with positive 
indication. 

2. Tuning control; with adequate slow 
motion and very large scale or 
vernier device. 

3. Signal strength meter; to operate 
on first circuit noise—preferably 
logarithmic in calibration for some 
120 db. 

4. Aerial trimmer, whose setting should 
stay reasonably constant over each 
waveband with a given aerial. 

. Normal L.F. gain (volume) control. 

. IF. gain control which can remain 
at maximum over a range of signals 
of some 120 db. with a.v.c. opera- 
tive. 

7. R.F. gain control which can remain 
at maximum over a range of signals 
of some 100 db. with a.v.c. opera- 
tive. 

8. Bandwidth control, switched in 
3-5 steps from 5 kc/s. to 10/15 kc/s., 
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with 5 kc/s. as normal setting for 
tuning, and symmetrical about reson- 
ance. 

9. Bass cut, switched, for balance in 
most selective positions. 

to. Top cut, possibly made inoperative 
in least selective positions by linkage. 

11. Noise limiter, preset with a switch, 
or variable with a dial calibrated in 
percentage modulation. 

12. B.F. oscillator with a mid-point 
zero beat. 

13. Phasing control with mid-point 
setting normal and preferably a 
“click” position. 

14. Crystal selectivity separate from 
bandwidth control to enable phasing 
control to be used by a skilled 
operator on telephony. 

N.B.—Controls 1, 2, 4, 12 and 13 should 

give a frequency increment in the 
same sense as rotation. 

(8) Spurious Responses 

Spurious responses in a high-priced 
receiver are more open to objection 
than in a less costly receiver, and 
must, therefore, be reduced to a very 
low level. This entails :— 

(a) An excellent R.F. selectivity in 
two R.F. stages with three or 
more R.F. tuned circuits. 

An excellent I.F./R.F. response 

ratio. 

(c) A sensibly constant local oscil- 
lator voltage, the magnitude of 
which gives minimum _§har- 
monic output at the frequency 
changer 

(d) A careful choice of the inter- 
mediate frequency. 

(e) Effective filtering of the I.F. 
signal and its harmonics from 
the audio amplifier and A.v.c. 
feeds, especially if provision is 
made for ‘diversity recep- 
tion.’”’ Failure to ensure this 
will enable such signals to 
enter the R.F. circuits and 
cause beats. 

(f) Very high R.F. attenuation 
paths between the audio ampli- 
fier and the R.F. amplifier. 

(g) Effective screening of the beat 
frequency oscillator from the 
R.F. circuits and suppression 
of its harmonics. 

If we consider these points in turn, 
we may find that they divide into two 
groups (1) dependent on layout, and 
(2), dependent on circuit constants, 
with a few dependent to some degree 
on both. It must be remembered that 
the overall gain is of the order of 
100 million, or 160 db. As an 
example of the effect of small coup- 
lings let us suppose that the beat 
frequency oscillator produces some 
one volt of intermediate frequency 
(450 kc/s.) with harmonics attenuated 
proportionately to their order (i.¢., 
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one-half of second, one-third of third 
harmonic) and suppose a coupling 
exists with an attenuation of some 
100 thousand times (100 db.) between 
this valve and the aerial circuit. A 
response will occur greater than the 
minimum receivable signal at every 
integral multiple of 450 kc/s, to some 
15 Mc/s. 

It will be obvious, then, that the 
layout must be carefully considered 
to avoid such couplings and that an 
operationally incongruous position of 
knobs may have been forced on the 
designer to obtain the juxtaposition 
of a control and its appropriate 
circuit, 

Cross-Modulation can occur when 
the receiver is tuned to a weak carrier 
and there exists a strong carrier 
whose frequency is such that it is 
within the pass band of the R.F. 
amplifier, but not within that of the 
A.V.cC. amplifier. The unwanted sig- 
nal may then be many times greater 
than the wanted signal at the final 
R.F. valve or frequency changer, 
while the A.vV.c. applied to this stage 
is insufficient to prevent overload. 
The only method of automatic pre- 
vention is the provision of a separate 
A.V.C. system for the R.F. valves. 
This, however, will not give the best 
compromise in signal/noise ratio for 
all cases, whereas the provision of an 
R.F. gain (bias) control will enable 
the operator to adjust the receiver for 
the best performance of which the 
conditions permit. 

Where a crystal filter is used, the 
same phenomenon can occur in the 
I.F, amplifier, unless the filter is 
placed in the first I.F. stage. 

Although Modulation Hum _ is 
caused by lack of smoothing in the 
R.F. and I.F. amplifiers, it is also 
dependent on the magnitude of the 
signal and hum voltages compared 
with the valve mutual conductance 
curvature. 

This being so, a compromise may 
have to be made between the signal/ 
noise ratio at small signal inputs and 
that for large signal inputs. For 
instance, with a constant A.V.C. ampli- 
fication the reduction of the R.F. 
A.v.c. delay voltage may effect an 
improvement in the signal/noise 
ratio from 50 db. to 60 db. at o,1 volt 
signal input concurrently with a re- 
duction of this ratio from 25 db. to 
22 db. at 5 micro volts. The com- 
promise may well be dictated by 
economic rather than by purely tech- 
nical considerations. 

Flutter, which has previously been 
mentioned, is a phenomenon which is 
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not easily assessed. It may be 
present only under conditions of mis- 
handling or in the presence of signals 
of a certain magnitude and fre- 
quency. The probability of its occur- 
rence, however, is to some degree 
directly proportional to :— 

(a) The carrier frequency. 

(b) The attenuation rate of the 
selectivity curve. 

(c) The effectiveness of the A.v.C. 

(d) The bass response of the ampli- 
fier. 

(e) The power output of the re- 
ceiver, 

And inversely proportional to :— 

(a) The oscillator frequency stabil- 
ity with supply and A.vV.Cc. 
variations. 

(b) The I.F. amplifier frequency 
stability with supply and A.v.Cc. 
variations. 

(c) The regulation of the power 
supply. 

(d) The balance in a _ push-pull 
output stage. 

Like flutter, Microphony is not 
readily assessed, and to some degree 
it may be tolerated, but not if sus- 
tained acoustic feedback be obtained 
with the loudspeaker standing on the 
receiver. The factors governing its 
occurrence are sufficient to warrant 
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an article to themselves. The 
separation of the loudspeaker from 
the receiver chassis in most communi- 
cation receivers certainly eases the 
problem for the designer, and the 
ruggedness which is required to give 
long service will normally ensure 
freedom from microphony. Among 
the more usual causes are; (a) the 
use of too closely spaced vanes in the 
oscillator section of the ganged con- 
denser, (b) insecurely fastened com- 
ponents in the oscillator section, (c) 
the use of a loudspeaker with an 
exaggerated surround resonance. 
Since communication receivers are 
normally enclosed in metal cases and 
since the high stable gain which is 
required demands adequate screen- 
ing, radiation and direct pickup are 
not normally troublesome. Where, 
however, they do occur, they may 
often be traced to faulty earth rout- 
ing or lack of filtering or screening 
of the supply cables. The screening 
of the mains transformer does not 
necessarily remove mains-borne in- 
terference where there is any length 
of cable within the receiver (for in- 
stance, switch wiring) and in such 
cases filtering at the point of entry, or 
screening, may be required. The 
user will have to be relied upon to 
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supply the necessary good earth con- 
nexion, 


_ (9) Signal Strength Indication 


Suppose the receiver be connected 
to an aerial and no signal is being 
received. The aerial trimmer is set 
for maximum noise and the |L.F. gain 
(volume) control is then set to a com- 
fortable level. 

On turning the tuning dial, the 
total sound energy coming from the 
receiver will depend almost entirely 
on the depth of modulation of the 
stations which have been received. 
To be tuned accurately, the receiver 
must either be handled by an opera- 
tor skilled enough to tune for the 
optimum signal/noise ratio or a tun- 
ing indicator must be fitted. If an 
indicator is fitted it must be capable 
of registering accurately over a range 
of some 120 db. (from the noise level 
to an overload signal) and the sensi- 
tivity must be reasonably constant, 
i.e., the calibration must be approxi- 
mately logarithmic. 

This article, in covering such a 
wide range, has necessarily dealt 
lightly with most of the matter. 

The writer apologises for making 
many statements without related 
argument, in an attempt to condense 
the matter to a readable length. 





Capacity Nomogram for 
Use with Avometer 


Type D. 


By R. Terlecki* and 


J. W. Whiteheadt 
B.Sc., M.1.E.E. 


bridge or similar capacity measur- 

ing device, it is possible to use the 
well-known Avometer Type D for the 
measurement of capacity. An appro- 
priate nomogram has been prepared 
which may be fixed to the side of the 
meter to form an additional capacity 
scale (see Fig.). 

The method employed is the in- 
sertion of the unknown capacitance in 
series with the Avometer, which is 
set on the 300 V A.c. range, the whole 
being connected across the 230 V 
50 c/s. supply. 

The reference line is the 0-150 


I: the absence of a suitable capacity 
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scale, which is calibrated against 
known capacities, and the resulting 
nomogram is reasonably easy to read 
over the range 200 - 100,000fF. 

It is important to check the supply 
voltage before making a measure- 
ment, suitable correction being 
applied to the value of the capacity 
under test. 


The following procedure is 
adopted :— 

(i) Set the multiplier to ‘‘k = 1.” 

(ii) Set the “p.c.”? switch to 
‘a5. 


(iii) Set the a.c. switch to 300 V. 
(iv) Connect the unknown capacity 
in series with one meter lead. 


(v) Connect the other lead and the 
free end of the capacitor to the 230 V 
supply, and read off the value from 
the nomogram. 

It is realised that the number of 
Avometers Type D in use outside the 
Services may be few, -but the writers 
suggest that the above note. may be of 
use to those possessing other Avo 
models without capacity ranges. The 
makers state that it would not be 
difficult to use the Model 40 in this 
way, but with the A.c. switch set at 
120 V and the ‘*‘ Q ”’ knob set to give 
full-scale deflection on the mains 
supply. Any supply voltage between 
80 and 250 at 50 c/s, could then be 
used in measuring capacity. 





7 


gk 


anode « 
and ac 
single t 
prefere! 
working 
article . 
of the 
tance ir 
filled t1 
arrange 
It is 
can be 
share tl 
necessit' 
suit ind 
importa: 
may be 
1. In 
normal 
of emis: 
newed w 
tion of t 
ple prec: 
cathode 
before cl 
remainin 
current, 
conditior 
value, ut 
2. Nor 
not inter 
cuit, alth 
anode cu 
some cas 
the circu 
current a 
ment of 
requisite 
adjusted, 
result in 
creased Ic 
until the 


a-P ata 
tubes may 
single lar 
tween the 
would n 
higher tl 
As the tr 
duced loz 
dication f 
two tubes 
dividual 


Cc 

















November, 1946 


Electronic Engineering 


The Parallel Operation of Gasfilled Triodes 


HE operation of gasfilled triodes 
[Te thyratrons in parallel as a 

means of obtaining increased 
anode current presents other features 
and advantages as compared with 
single tube operation which may give 
preference to the parallel method of 
working in certain cases. In this 
article consideration is given to some 
of the factors which are of impor- 
tance in the parallel operation of gas- 
filled triodes, and alternative circuit 
arrangements are described. 


It is evident that if gasfilled tubes 
can be operated in parallel so as to 
share the load equally without the 
necessity for special adjustments to 
suit individual pairs of tubes, some 
important possibilities arise which 
may be enumerated as follows, 


1. In the event of failure of the 
normal kind, as characterised by loss 
of emission, either tube may be re- 
newed without interrupting the opera- 
tion of the circuit, provided that sim- 
ple precautions. are taken for adequate 
cathode preheating of the new tube 
before closing its anode circuit. The 
remaining tube carries the load 
current, which in general under these 
conditions will fall below the normal 
value, until the renewal is completed, 


2. Normal failure of one tube does 
not interrupt the working of the cir- 
cuit, although the resulting change of 
anode current may have this effect in 
some cases, depending upon whether 
the circuit requires a steady value of 
current at all times. If the arrange- 
ment of the circuit is such that the 
requisite load current is automatically 
adjusted, the failure of one tube will 
result in overloading, or at least in- 
creased loading, of the remaining tube 
until the faulty tube is replaced. 

3. Parallel operation of two small 
tubes may be more economical than a 
single large tube if the differences be- 
tween the ratings of individual tubes 
would necessitate a rating much 
higher than the load requirements. 
As the tube life lengthens with re- 
duced loading there is a further in- 
dication for the parallel operation of 
two tubes when by this means the in- 
dividual anode currents can _ be 
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Fig. |. Simple parallel connexion of gasfilled 
triodes. 
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Fig. 2. Variation of critical grid voltage 
characteristics. 
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Fig. 3. (above). Delay in striking with phase- 
shift grid control. 





Fig. 4 (below). Improved circuit for parallel 
operation of gasfilled triodes. 
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brought below the nominal rating. 
An application in which the forego- 
ing features are of interest is repre- 
sented by automatic servo or positional 
control systems; especially in cases 
where. maximum dependability is 
essential and the possibility of stop- 
pages due to tube failures must be 
minimised. There are, of. course, 
numerous other cases in which the 
same considerations apply, and in all 
these the advantages of a parallel 
arrangement of output power tubes is 
worth consideration in the design 
stage. With regard to vacuum tubes 
which may be used in conjunction with 
the gasfilled triodes, the normal life 
is generally very much longer and the 
safety factor can be made quite large 
in a given case because of the wide 
range of available ratings, without re- 
course to methods of duplication. 


The Simple Parallel Circuit 


The simplest form of circuit for the 
parallel operation of two gasfilled 
tubes is shown in Fig. 1. The anodes 
and cathodes are directly intercon- 
nected, so that the anode voltage 
across both tubes is always the same. 
The resistance R in the anode circuit 
is not always used, but is generally 
necessary for current adjustment. 


This form of circuit is not generally 
satisfactory with gasfilled triodes ow- 
ing to the fact that the anode voltage 
of both tubes becomes equal to the 
arc drop (usually between 12 and 20 
volts) when either tube strikes, and 
the effect of differences between the 
grid control characteristics of the 
respective tubes. Such differences 
exist normally between new tubes, and 
sn any case will develop during use 
even if the. tubes are originally 
matched in this respect. If, for ex- 
ample, the tubes have the characteris- 
tics shown in Fig. 2 and the grids are 
interconnected, tube No. 1 will al- 
ways strike first with a given change 
of grid voltage. The resulting drop 
in the anode voltage does not affect 
the tube which is already conducting, 
but the effect of the drop on tube No. 
2 is to reduce further the critical grid 
voltage, which. is proportional to 
applied anode voltage as shown in 
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Fig. 2, and thus delay striking of this 
tube. 

The conditions applying to phase- 
shift grid control are shown in Fig. 3. 
Curves 1 and 2 are the critical grid 
voltages for tubes No. 1 and No, 2 
respectively. With falling negative 
grid voltage, tube No. 1 strikes first, 
but the drop in the anode voltage, as 
already explained, causes the critical 
grid voltage of tube No. 2 to assume 
correspondingly lower values, as 
represented by curve 2a. It is seen 
that this has the effect of delaying the 
striking point of tube No. 2 until in- 
stant ¢, instead of instant t, corres- 
ponding to the full-voltage character- 
istic. Tube No. 1 accordingly supplies 
the anode circuit current by itself 
in each conducting half-cycle dur- 
ing the period from é; to ¢s. The sig- 
nificance of this fact insofar as the 
tube rating is concerned will obviously 
depend upon the circuit arrangement. 
It will also be understood that the 
conditions represented by Fig. 3 are 
somewhat idealised, and that oscillo- 
graph observations, which provide the 
only reliable evidence in such cases, 
will vary considerably with individual 
circuit conditions, 


An Improved Circuit 

The conditions may be improved by 
rearranging the circuit as shown in 
Fig. 4, where 21, R: are resistors of 
equal value connected in the respec- 
tive anode leads. Other things being 
equal, each resistor will have twice 
the ohmic value of the single resistor 
shown in Fig. 1. It will be seen that 
with this arrangement, if *No. 1 tube 
strikes first, for example, the resulting 
drop in resistor #; is added to the 
arc drop voltage applied to tube No. 2. 
The reduction of voltage across tube 
No. 2 due to the striking-of No. 1 is 
thus lessened as compared with the 
Fig. 1 arrangement, and tube No, 2 
accordingly strikes earlier than in the 
case of the simple parallel circuit. 

The striking conditions can be in- 
vestigat=1 by means of a cathode-ray 
oscillograph connected between the 
cathodes and the junction of the re- 
sistors so as to show the position of the 
respective striking points as indicated 
by successive drops in voltage. For 
checking the tube ratings with the 
maker’s data the individual anode 
currents should be measured. Aver- 
age values are readily obtained by 
moving-coi] ammeters connected in the 
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Fig. 5. Operation of inductively coupled 


parallel circuit. 


respective anode circuits and peak 
values can be measured with a suit- 
ably calibrated oscillograph or a peak 
voltmeter of the valve type connected 
across a resistor of small known value 
in’ series with each anode. 


Possible Solutions of Problem 


Although the circuit arrangement of 
Fig. 4 offers improvements, it does not 
give the simultaneous striking which 
represents the ideal condition for 
parallel operation. There are several 
ways in which this condition may be 
attained or approached, as represented 
by the following classification. 


1. By means of circuits in which the 
striking of one tube causes a sudden 
reduction of grid voltage so as to en- 
sure the striking of the second tube, 
irrespective of the normal grid con- 
trol function. 

2. By using a sharply peaked grid 
voltage, generally in conjunction with 
a negative grid bias, so that both grid 
potentials are sharply reduced, or 
even made positive, at the striking 
point. This arrangement is already 
fairly well known as a means of avoid- 
ing the ‘softness ’’ of control ex- 


perienced with the phase-shift method 
when low grid voltages are used. 

3. By arranging that the striking of 
one tube causes a sudden increase of 
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anode voltage on the second tube so 
as to ensure its striking by making 
the critical grid voltage considerably 
higher than the applied grid voltage 
at that instant (see Fig. 2). 

Special grid circuit arrangements as 
required under classifications 1 and 2 


above are perhaps of limited interest 


as the form of grid control is to a large 
extent determined by the type of 
application. In this connexion it may 
be noted that the worst conditions are 
given by plain negative D.c. bias con- 
trol, with which the second tube may 
not strike at all unless suitably low 
values of bias can be reached. The 
best conditions are obtained with a 
grid voltage having a sharp peak ob- 
tained, for example, by the charging 
of a condenser through a_ gas- 
discharge tube which conducts at a 
given point in the cycle. There are 
several variants of this form of cir- 
cuit, which may also be arranged for 
phase-shift coatrol by the usual RC or 
RL bridge methods so as to vary the 
phase position of the peak relative to 
the anode voltage and thus give anode 
current control. 


Inductive Coupling of Anodes 


A circuit arrangement representative 
of classification 3 is shown in Fig. 5a. 
Two similar coils are mounted on an 
iron core and connected in series with 
the respective anodes so that each 
carries the anode current of one tube. 
The windings are arranged so that if, 
for example, tube No. 1 strikes first, 
the resulting sharp rise of current i; 
in the corresponding winding induces 
a voltage e, in the other winding, 
which adds to the anode voltage of 
tube No. 2, causing this tube to strike 
as already explained. Similar rela- 
tions apply if tube No. 2 strikes first. 

_This method is similar to the phase- 
equaliser system used with multiphase 
mercury-arc rectifiers to ensure equal 
sharing of load between anodes and 
an improved transformer utilisation 
factor (ratio of secondary rating to 
D.C. output). The provision of the 
coupling inductor represents a com- 
plicaticn and expense, but this may 
not be greater than would correspond 
to the use of special grid circuits in 
cases where they would be practicable. 

The operating conditions are repre- 
sented by the diagrams in Fig. 5 b and 
c. The sharp rise of anode current i; 
in tube No, 1 (Fig. 5b) consequent 
upon striking induces the pulse of 

(Concluded on page 357) 
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Test Result! 


Fitted into laboratory test instruments, for multi-test purposes, i.e., volts 





milliamperes-ohms readings on A.C. or D.C. and used for tests on valves, 
capacitors, resistances, etc. Wired up within the equipment with known 
values of capacitors and resistances, the Switch is set on the appropriate 
° range, and the component introduced into the circuit by leads to terminals 
on the test meter, when the unknown and sought value is read off the 
marked scale. Used for laboratory equipment in Peace as in War. 
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This catalogue of paper dielectric and electro- 

lytic capacitors for radio work contains 

essential technical data on a wide range of 

types. Radio engineers and designers should 

write for “Radio Capacitors’’, Publication 
No. 201V 
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techniques for the study of 

potential variations at infra- 
sonic frequencies, chiefly vibration 
studies and bioelectric effects, has led 
to several attempts to evolve auto- 
matic low frequency analysers com- 
bining the virtues of fine frequency 
discrimination, rapid presentation of 
the analysis, and reasonable sim- 
plicity in method. Before describing 
these methods, it is an advantage to 
note a few of the graphical methods 
for comparison. 


1. Periodic Functions 

(a) The envelope method’ is useful 
for waveforms containing few har- 
monics. Its application helps to 
train the observer to make rapid 
visual estimates of the components,’ 
especially if a harmonic synthesiser® 
is available for use as a training 
device. 

(b) Numerical methods** yield 
results, the accuracy of which is de- 
pendent on the number of ordinates 
measured, 


2. Aperiodic Waveforms 
(a) The numerical methods can be 
modified to analyse sections of 


* The Burden Neurological Institute. 


Pees development of electronic 








aperiodic record, but it is necessary 
to measure a large number of 
ordinates to obtain a satisfactory re- 
sult. Bertrand and Lacape® use the 
method, choosing sections of record 
in which short bursts of periodic 
variations occur, and choosing the 
fundamental period accordingly. 


(b) A more general method for 
dealing with aperiodic functions, in 
which there is no need to choose an 
epoch or fundamental period, is due 
to Bernstein." It is similar to the 
method of superposition described by 
Manley.*® 


Suppose the function 


27 
F(t) = ZAsin — (¢ + 8) 
T 


a number of values 
which are called 


where T has 


iy FES | TR eee: ee 
the partial periods of the function, 
and are not necessarily linearly 
related. 
Then the function 
1 
F(t) = F(t) + F(t + —) 
2 
contains no components whose 


periods can be written in the form 


A New 


Electronic Analyser 


G. R. BALDOCK, B.Sc., 


W. GREY WALTER, M.A.* 


Fig. 9. Electronic analyser made by The Edison Swan Electric Co. Ltd., 
in collaboration with the authors. 
shown on one of the units under the open lid. 
averager unit has been withdrawn to show the accessibility of the 
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where x is a positive integer. 
2n + 1 
Similarly, the function 


Fi(t). = F(t) — F(t +, %) 


contains no components whose 
periods can be written in the form 
1 /n. 


By continued application of this 
process we can form a function which 
contains only one of the components, 
and so arrive at the analysis. 

The values of the partial periods 7 
are found by the formation of the 
‘* spectral function ’’ of F(¢), which 
is itself a function of +r. This 
involves measurement of ordinates 
and slopes and its computation occu- 


pies about the same time as the 
ordinary process of harmonic 
analysis. The advantage of the 


method lies in the fact that there are 
no limitations to the values of 7, as 
in the case of harmonic analysis, so 
that the function can be treated as 
the resultant of a number of com- 
ponents in no way related to one 
another, A schedule for computation 
by this method has been worked out 
and successfully applied to the 
analysis of electro-encephalographic 
waveforms.°® 
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ange-over switch and scanning device. This 


was described in Electronic Engineering, Nov., 1943, p. 236. 


Electrical Analysers 


To avoid the labour involved in the 
arithmetical analysis, several types 
of electrical analysers have been de- 
vised. Here the design. of the instru- 
ment must depend on the type of 
information which is required and the 
way in which it is to be presented. 

In the method of Grass and 
Gibbs®" a section of the record 
30 sec. long is made into a continuous 
periodic waveform, reproduced at 
high speed and analysed with an 
audio-frequency analyser. This should 
theoretically provide an analysis as 
accurate as that achieved by the 
numerical method using about 3,000 
ordinates. Its limitations are the 
technical difficulties of producing and 
scanning the variable width record 
and keeping the running speed 
constant. 

An ingenious method which pro- 
vides the same type of analysis as 
the above method is that devised by 
Fiirth and Pringle.” The computa- 
tion of the integrals in the straight- 
forward Fourier analysis is _per- 
formed by a heptode used as a 
modulator, with the complex wave- 
form fed in at one grid and a sine 
wave at the frequency of the har- 
monic whose amplitude is required 
on another grid. The output of the 
heptode is rectified and measured 
with a meter, and in this way all the 
coefficients can be evaluated. 

In many problems it is desirable 
to have the analysis presented imme- 
diately after the presentation of the 


primary record, and to have the 
whole of the record analysed. These 
requirements obviously cannot be 
satisfied by the above method, and 
they are in fact incompatible with 
a high resolving power. It is neces- 
sary to have a number of resonant 
elements, tuned to a series of set 
frequencies covering the range under 
investigation, each selecting the com- 


ponent at its own frequency, Sup- 
pose that one of these elements 
consists of a simple inductance, 


Fig. 2. Block diagram of improved analyser which can be 
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capacitance and resistance, in a 
rejector circuit tuned to a frequency 
¢ c/s. and covering a band of width 
2.A.f c/s. (defining the band width 
so that the response at f = Af is 
44 per cent. of the response at f, 7.e., 


Oat Bf Aint pee Oy ere yea (2) 


When the input to the circuit is 


switched off the oscillations will 
decay with a time constant, 
Q I 
ee ee (3) 
uf TAT 
Hence if the analysis is to be 


carried out over a period 7, in order 
that there should be no confusion 
due to the build-up and die-away 
time, we must stipulate 


Thus we cannot treat 1/7 as the 
fundamental frequency, so that the 
analysis will not correspond with the 
arithmetical result. Each recorded 
peak in the spectrum will represent 
approximately the average of the 
peaks in the true harmonic analysis 
representing the harmonics which lie 
within the frequency band of the 
resonant element. 

It would be possible to construct 
circuits which combine the properties 
of high selectivity and high decre- 
ment, but each circuit would require 
two or more valves, and as the instru- 
ment needs at least twenty resonators 
to be of any use it seems better to 
compromise by using a simple ar- 
rangement for routine work, while 
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Fig. 3. Principle of the phase-shift oscillator. 


particularly interesting sections of 
record can be analysed arithmetically 
or by the Grass method. The above 
observation applies also to the ques- 
tion of the incorporation of bandpass 
resonators, 

The principle of the automatic 
analyser has already been described” 
and is illustrated by the circuit 
diagram (Fig, .1). The major modi- 
fications to the instrument are the use 
of frequency selective amplifiers in 
the place of mechanical resonators 
and the addition of a means for ob- 
taining the average analysis over 1 
or 2 minutes, i.e., for 6 or 12 epochs 
of analysis. Fig. 2 shows the im- 
proved version, including the above 
modifications. - The specifications of 
the 24 resonators are given in Table 1. 
Resonator and Integrator 

The use of tuned mechanical 
resonators leads to errors due to am- 
plitude distortion, and dependence of 
frequency and selectivity on the am- 
plitude of movement, and there are 
numerous critical mechanical adjust- 
ments which make the maintenance 
of the instrument tedious. Several 
attempts were made at. constructing 
a low-frequency ZC resonator, with 
special low-loss chokes, but in all 
cases it was impossible to obtain a 
sufficiently high ‘selectivity. 
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Fig. 4. The ——— circuit applied to the analyser for selection of a given 
fr y. A2 resistor i is inserted in the slider to the grid to prevent 
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ge of freq y with input gain. 
seine eae <a ae: Damped RC oscillators of the 
TABLE I. _| Wien Bridge and Transitron types 
Frequency Q = Time Constant were found to be inconvenient and 
ici) of Decay (sec). | difficult to adjust, and finally the cir- 
: 4 cuit of a simple phase shift oscillator 
10 13 was adapted (Fig,. 3) as shown in 
4 + Fig. 4. The voltage developed in the 
16 1:3 anode circuit is fed back to the grid 
. = with a phase difference depending on 
“4 = the values of C and RX. 
18 64 At one frequency only, the C-2 net- 
4 rH work will produce a phase shift of 
24 64 180° between the anode and _ grid 
4 r+ voltages. At this frequency the valve 
30 64 will tend to oscillate provided that 
o = the gain is- sufficient to overcome the 
20 #2 attenuation produced by the C.2. net- 
24 7 work. This gain must be of the order 
18 21 of 30 for oscillation to be maintained. 
20 21 
ee ei aks See ASE S If, however, the amount of feed- 
back is reduced by means of the 
potentiometer Rs, R:, Re of Fig. 4, 
the system will not oscillate but will 
selectively amplify a signal applied 
to the grid. 
The resonant frequency is approxi- 
Fig. 5. Circuit of dis- I 
criminating amplifier 
for feeding analyser mately — 
circuit of Fig. 4. 27 V6.RC 


Where C = C; os C3 => Cs 
and R = Rk; + Rs 
= R + Rs 
=Rs + Ri + Re 


The exact values necessary for any 
given frequency are best deter- 
mined empirically, as their computa- 
tion is tedious and involves the 
assumption of second order coeffic- 
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ients depending on the valve charac- 
teristics. The system is most stable 
with a cathode resistor and a small 
gtid bias, and with this arrangement 
a selectivity corresponding to a Q of 
several thousand (where Q is defined 
according to Equation (2)) can be ob- 
tained without oscillation, 

In order to avoid a change in 
impedance of any of the components 
on loading the network, the output is 
taken from the junction of R2 and Rs, 
and R; is made low (1/1oth) compared 
with 2. 

The output is fed to the EF.so 
which acts as an integrating valve, as 
in the original analyser circuit of 
Fig. 1. 

A low voltage applied to the screen 


through R» allows the valve to pass 


only a very low current (1.0 #A) until 
a signal reaches the grid from the 
resonating network. The anode cur- 
rent then fluctuates with the output 
of the resonator to a maximum of 
30 uA, charging the associated con- 
denser. &; and fs are used as preset 
fine controls for Q and frequency 
respectively. Twenty-four such units 
are mounted on one chassis and the 
gains are adjusted to equality by 
means of a preset potentiometer on 
the input to each unit (R#;). The 
inputs are connected to the output of 
a discriminating amplifier (Fig. 5), 
which is fed from the main recording 
amplifiers. 

In the ordinary way the analyser is 
connected to the output from one or 
other of the main amplifying chan- 
nels and the frequency analysis«thus 
recorded is that of the potential 
variations between two electrodes to 
which the input of the amplifier is 
connected. 

The analyser can, however, be 
connected between two channels in 
such a way that it is sensitive almost 
exclusively to those potential changes 
which are out of phase in the two 
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Fig. 7. Circuit diagram of the ‘‘ Averager.”’ 


channels. A local analysis is there- 
fore possible, even where there is 
a large and diffuse or variable fre- 
quency component. This is _ use- 
ful in electroencephalography for in- 
vestigating local phenomena™®, which 
in the primary trace are frequently 
obscured by in-phase potential varia- 
tions common to two or more 
channels (see Fig. 6). 

The storage condensers and writing- 
out arrangements, and the presenta- 
tion of the analysis, are the same as 
previously described”. 

In the more recent models of the 
analyser an additional useful device 
has been added to provide an 
‘* average analysis ’’ every minute or 
so. This is written out on the record 
in the same way as the other analyses 
and is equivalent to analysing the 
record over an epoch of one or two 
minutes. 

In this way the variability of the 
analysis from time to time can be 
ascertained. 


Characteristics of the resonator circuit and integrator circuit (approximate only). 
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The principle of the averager is 
illustrated in Fig, 7. The recording 
pen is driven by the PPs5/400, the 
gtid of which is biased by a supply 
voltage of 140 so that the resting 
level of the recording pen can be set 
by means of the potentiometer 2. 


The cathode, which is normally 
connected to the point B when the 
switch S: is in the up position, is fed 
with a series of negative impulses 
from the storage condensers C: as the 
switch S; rotates (as described in the 
previous paper, and shown in Fig. 1). 


The grid of the EFs5o which is the 
averaging valve, is also biased on the 
140 V supply, while its cathode re- 
ceives the same input. The anode is 
connected to the point A, so that each 
pulse which appears is registered in 
the appropriate condenser of the bank 
C:, which is also’ continuously 
scanned by S;. The high tension sup- 
ply for the EF 50 is obtained from a 
potentiometer chain 4, Rs, across the 
450 V supply. After a period of six 
or twelve analysis epochs according 
to the setting of the automatic switch 
mechanism which controls $2, the 
latter is thrown over. This causes 
the averager condensers C; to be 
scanned out by S; on to the input cir- 
cuit of the PPs5/400, so that the 
average is recorded. At the same 
time the ordinary analysis condenser 
bank C; is short-circuited, so that no 
confusion is caused in the succeeding 
epochs due to the condensers retain- 
ing their charge. 

R: controls the sensitivity of the 
averaging circuit. The automatic 
switching is controlled from a 
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separate bank of S:, and can be per- 
formed either by a Uniselector type 
switch or a series of relays. 

In  electroencephalography the 
averager is used for obtaining a 
general picture of the activity over a 
period of several minutes without 
having to measure the ordinates and 
add them up, 

The frequencies and selectivities 
chosen for a particular application of 
the instrument are shown in Table 1. 
It will be seen that the longest time 
constant of decay occurs in the lowest 
band of frequencies and is 1.3 sec. 
In the case of the resonant circuit 
tuned to 30 c/s. the build-up or die- 
away time is only about 0.25 sec. 
Therefore, if the epoch is less than 
about 5 seconds, the lowest frequency 
resonators will lag seriously behin# 
the highest :requency ones, and the 
analysis will be misleading. For this 
reason the epoch time for the analysis 
was not made shorter than 10 seconds. 

The amplitude response of the 
resonator circuit is not linear (see 
Fig. 8a) but the non-linear effect can 
be reduced by suitably choosing the 
input level so that the integrator non- 
linearity (Fig. 8b) partially compen- 
sates for it, The overall response is 
then as in Fig. 8c. 

It is interesting to note that if the 
resonator is executing free damped 
oscillations the decay time of the 
integrator current will be shorter, 
owing to its non-linearity, than the 
time measured using the resonator 
output. This is an advantage because 
the lengths of the build-up and decay 
times for a given selectivity are less 
than those calculated for a simple 
resonant circuit. In general itis de- 
sirable for the input voltage to be as 
low as possible so that the resonator 
valve is working on the straightest 
part of its characteristic. A small 
change of mutual conductance pro- 
duces a relatively large change in the 
frequency and Q, so that these quan- 
tities are not entirely independent of 
amplitude, but the effect is least 
noticeable at low input levels. It 
was for this reason that the otherwise 
convenient position of the gain con- 
trol in the integrator grid circuit was 
abandoned. 


Calibration 

As might be expected, the setting- 
up and calibration of the complete 
instrument requires skill and care. 

A low frequency oscillator is 


applied to the input, and the points 
marked ‘“‘ Test Output ’”’ (Fig. 4) are 
connected through a 24-way switch 
to the input of an amplifier feeding 
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an ink-writing oscillograph, so that 
the performance of each unit can be 
studied. A microammeter is  con- 
nected from the anode of the integrat- 
ing valve (A in Fig. 4) to the 140 V 
tapping, and the current when there 
is no input is set at 14A by means of 
the control Ry The frequency and 
selectivity are then adjusted by 
means of the controls Rs; and R; 
respectively, and finally the gain is 
set on the input potentiometer. The 
selectivity can be checked either by 
direct measurement of the response 
at different frequencies or by calcula- 
tion from the time constant of decay 
of oscillations as seen on the record. 

For routine calibration the output 
from the amplifier which is recording 
the resonator performance is fed back 
into the analyser, so that a continuous 
oscillation is maintained if the gain 
is sufficiently high. It is thus possi- 
ble to see whether all the units are 
working satisfactorily simply by 
turning the 24-way switch and ob- 
serving the amplitude of the oscilla- 
tions, which can be ¢tompared with 
previous observations made when the 
calibration was known to be correct. 
Individual Frequency Observations 

The analyser treats the record as 
though its components were the notes 
of a chord lasting ten seconds, and it 
cannot indicate the temporal order in 
which these notes appeared, though 
it does show their mean relative am- 
plitudes throughout the epoch. It 
does not distinguish between a large 
signal present for a short time and 
a smaller one present for a long time. 

This ambiguity may be overcome 
by an additional device which is 
useful when the momentary fluctua- 
tions of any single component of a 
complex waveform are of interest, It 
is a simple matter to observe continu- 
ously the output of any one of the 
resonating circuits. Thus a meter 
can be connected to any of these cir- 
cuits and its deflection at any moment 
indicates the activity at the frequency 
of the circuit concerned; alterna- 
tively, the output from one or more 
of the resonators can be amplified and 
recorded by one of the primary 
channels so as to provide a selective 
record. 

A selector switch is provided so 
that the activity at any one frequency 
can be followed in this way. Further, 
a separate ‘‘ roamer ’’ resonating cir- 
cuit is available. This is adjustable 
in frequency and selectivity so that 
any rhythm of particular interest can 
be tuned in, and its momentary 
changes continuously observed or 
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recorded, even when its frequency 
falls between two.of the pre-set tre- 
quencies, for example, at 10.5 c/s, or 
outside the ordinary range, for 
example, at 4o c/s. 


Performance 


Further examples of the perform: 
ance of the analyser are shown in 
Fig. 6. 

The resolving power of an analyser 
may be made very great, since the 
restriction of amplification to a nal- 
row band of frequencies proportion- 
ately reduces the obscuring effect ot 
basic irregularities or ‘‘noise.’’? Thus, 
the smallest deflection which can be 
clearly recognised in the primary 
trace corresponds to a_ potential 
change at the input electrodes of 
about 5 “Vp when the amplification 
is uniform from o.5 to 50 c/s; when 
the output is passed through a selec- 
tive filter such as one of the resonant 
circuits of the analyser, rhythmic 
activity with an amplitude of only 
o.1 #Vp can be detected quite easily 
through the background irregularity. 
The analyser therefore can be used to 
reveal rhythms which are very much 
smaller than the random background 
fluctuations, as well as to determine 
the composition of complex wave- 
forms, and when this property is 
combined with inter-channel phase- 
discriminating analysis and_ the 
averaging mechanism, the resolution 
is greater than is necessary for any 
problem at present defined. Rhythmic 
components of the order of 0.01 #V 
can easily be measured. 

An improved version of the 
analyser is now being made by the 
Edison Swan Electric Co., Ltd., a 
photograph of which appears in 
Fig. 9. 
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Reflex Oscillators 


Condensed from the paper by J. R. PIERCE in the 
Bell Laboratories Record Vol. XXIll No. 8. 








at very high frequencies, the usual 

negative-grid triodes, tetrodes and 
pentodes are often replaced by 
vacuum tubes in which the transit 
time of electrons plays a basic role. 
Their general principles of operation 
have been known for some time; one 
long-transit-time device, the Bark- 
hausen oscillator, has been described 
in the Bell Laboratories Record. 
During the war, the laboratories have 
made available for military use 
several types of long-transit-time 
tubes called ieflex oscillators, In 
certain applications these have a 
number of electrical and mechanical 


| N electronic apparatus operating 











advantages over other somewhat 
similar devices. 
ee 
HEATER 1 
a | 
CATHODE GRID REPELLER 


Fig. |. Principle of reflex oscillator. 


In its basic principle of operation, 
the reflex oscillator is simple. Con- 
sider first the arrangement shown in 
Fig. 1. The electrodes are assumed 
to be enclosed in a highly evacuated 
container as with a _ conventional 
triode, but the grid is positive with 
respect to the cathode, and the re- 
peller, which corresponds to the 
plate, is negative. Electrons leaving 
the cathode in a steady stream will be 
accelerated by the grid. Some of them 
will be stopped by it, but others will 
continue through its meshes and pro- 
ceed toward the repeller. Since the 
repeller is negative with respect to 
the grid, however, all of the electrons 
that pass through the grid will be 
turned back before they reach it, and 
will stream back steadily and pass 
through the grid in the opposite 
direction. In both directions, the flow 
of electrons will be uniform, and 
the electrons will continuously take 
energy from the circuit as they ap- 
proach the positive grid from either 
direction and will give energy to the 
circuit as they depart from it. 

Now suppose that this grid is re- 
placed by two grids set into the top 
and bottom of a metal pillbox, as 
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Double grid to vary velocity of 
electrons. 


indicated in Fig. 2. Electric current 
flowing around such a _ closed 
“‘cavity”’ or ‘“‘resonator’’ produces an 
electric field between the grids, and 
yet there will be no field whatever 
outside of the resonator. The prin- 
ciple of such resonators is very 
‘simple, The two grids may be 
thought of as part of the capacitance 
of a resonant circuit, and the annu- 
lar connexion between them made 
through the walls of the pillbox, 
which act as a single turn coil, pro- 
vides the inductance. When such a 
resonator is used, the action of the 
radio-frequency field on the electron 
stream in the tube is confined to the 
short space between the two grids. 


In the structure shown in Fig. 2, 
the accelerating effect between the 
cathode .and grid a and the retard- 
ing effect between grid b and the 
repeller are the same as in the 
cathode-grid and. grid-repeller regions 
of the arrangement shown in Fig. 1. 
In the space between the two grids, 
however, the oscillating electric field 
affects the electrons. The grids are 
closely spaced so that the time of 
passage of an electron from one to 
the other is a small fraction of a 
period of oscillation. Depending on 
its direction at the moment, the field 
will be accelerating or decelerating, 
and thus successive groups of elec- 
trons will be alternately speeded up 
and slowed down. As a result of this 
acticn of the field between the grids, 
the electron stream is velocity modu- 
lated, and electrons pass into the 
drift space between grid b and the 
repeller with different velocities, de- 
pending on the time in the oscillating 
cycle at which they pass through the 
field between the grids. Because of 
this, the period during which the 
electrons will remain in the drift 
space will vary for different electrons. 


With the oscillating electric field 


of Fig. 2, these two effects alternate. 
Those electrons passing through the 
grid space during the interval A to B 
of Fig, 3 will be spaced farther apart 
when they return to the grid because 
of the increasing velocities with 
which they left it, while those passing 
through the grid space during the 
interval B to D will be bunched 
closer together on returning. The 
electrons returning to the grid of the 
tube will thus alternately be bunched 
and dispersed. 


As the electrons pass through the 
grid space on their return journey, 
they will give energy to the oscil- 
lating circuit or absorb energy from 
it, depending on whether the electric 
field at that moment opposes or 
assists the electron stream, and the 
amount of energy transferred will de- 
pend on the density of the. electron 
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Fig. 3. R.F. voltage between grids a and b of 
Fig. 2, giving alternate acceleration and 
retardation. 


stream and on the strength of the 
field. If the circuit conditions are so 
arranged that during the brief inter- 
val while a returning bunch ot elec- 
trons is passing through the prid 
space, the field is a maximum in the 
opposing direction, a comparatively 
large amount of energy will be ab- 
sorbed from the bunched electrons, 
far more than is transferred to elec- 
trons over the scattered section of’ the 
returning stream. As a result, pulses 
of energy are conveyed to the circuit 
at the oscillating frequency. 


To have the bunches pass through 
the field when the field is maximum 
opposing, the interval between the 
instant an electron leaves the grids 
and that at which it reaches them on 
its return trip should be V + } cycles 
of the oscillating frequency, where NV 
is any integer including zero. 


The degree of bunching depends in 
turn both on the voltage of the 
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repeller and on the strength of* the 
accelerating field between the grids. 
With the repeller voltage set to give 
a drift time of 1+ 3} cycle, for 
example, the degree of bunching will 
first increase as the field strength is 
increased, will reach a maximum at 
some particular value, and then will 
decrease because of an effect that may 
be called ‘‘ over-bunching.”’ 


This situation as applied to the 
reflex oscillator is illustrated by the 
curves of Fig. 4. Here, distance 
along the abscissa represents the 
voltage between grids A and B, that 
is, the strength of the electric field 
between the grids times the distance 
between them, and that along the 
ordinate represents the degree of 
bunching, which may also be referred 
to as the strength of the electron cur- 
rent, since greater bunching, repre- 
senting a greater concentration of 
electrons, corresponds to a greater 
current. Each curve represents the 
relationship for one repeller voltage 
selected to give an optimum drift 
time such as ? cycle, 1 + 3? cycle, and 
so on up to 4 + } cycles. All the 
curves rise to the same maximum 
value since the maximum bunching is 
the same for all drift times, but the 
field or voltage required to produce 
maximum bunching decreases as the 
drift time increases. The power 
transferred from the electron stream 
to the circuit is proportional to the 
product of current and voltage. As 
the current changes slowly with 
voltage near the current maximum, 
maximum power will not occur at 
maximum current but at a voltage a 
little higher than that giving maxi- 
mum bunching. Power wili be 
greater for shorter drift times, since 
the voltage to produce maximum 
power is greater for shorter drift 
times and the current is the same. 
The solid curves of Fig. 5 represent 
power. 


Power may be taken from the cscil- 
lating circuit by means of a ccil 
coupling the magnetic field of the 
resonator of Fig. 2, Part of the power 
will be absorbed by the load con- 
nected to this coupled coil, and part 
will be absorbed by the losses in the 
resonator itself. The total power 
dissipated in load and resonator is 
proportional to the square of the 
voltage between the grids. For any 
given set of conditions, therefore, the 
total power could be represented by 
the dashed curve of Fig. 5s. 


Steady oscillation will take place 
at points where the dashed curve 
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Fig. 6. Cross-sectional view of refiex oscillator. 


crosses a solid curve, since at these 
points the output just equals the 
input. Maximum power will be ob- 
tained when this intersection is at the 
peak of one of the curves. For the 
conditions shown, the dashed curve 
never crosses the curve for 3-cycle 
drift time, which means that»with the 
load and circuit losses represented by 
the dashed curve, the tube would not 
oscillate with a repeller voltage 
giving a drift time of only }-cycle. 


An important characteristic cf the 
reflex oscillator is the electronic 
tuning of which it is capable. With 
a drift time of N +3? cycle, the 
current is in direct opposition to the 
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electric field between the grids, and 
thus the effect of the electron stream 
can be regarded as a negative con- 
ductance shunted across the resonator. 
If now the repeller voltage is changed 
so that the drift time is no longer 
exactly N + 2 cycle, the radio-fre- 
quency current is no longer in exact 
phase opposition to the radio-fre- 
quency voltage. The electron stream 
no longer produces a pure negative 
conductance, but rather an ad- 
mittance, with a susceptance as well 
as a negative conductance. The sus- 
ceptance tends to alter the frequency 
ot oscillation just as would a capa- 
citance or inductance connected across 
the resonator. Thus, if the repeller 
voltage is changed, the frequency of 
oscillation is also changed. 

Fig. 2, used to explain the opera- 
tion of the reflex oscillator, is in a 
highly schematised form. The actual 
oscillators are constructed more as 
shown in Fig. 6. The resonator or 
resonant circuit, shown as a flat pill- 
box in Fig. 2, is actually a re-entrant 
metal annulus of the form shown in 
Fig. 6, and the grids are stretched 
across circular openings in_ the 
centres of the opposite faces. At one 
point of the periphery of the annulus, 
a copper tube is connected that serves 
as the outer surface of a concentric 
conductor. The central conductor is 
connected to the annulus at the point 
where the tube is fastened, makes a 
single loop inside the annulus, which 
links the magnetic field, and then 
passes through the tube. It is by 
coupling to this loop that the output 
power is obtained. The actual pro- 
portioning and arrangements of the 
various elements, and the type of con- 
tainers, vary with the particular use 
to which the tube is to be put. 





Fig. 4 (below). Relation be- 
tween r.f. field in gap and r.f. 
current for repeller voltages 
giving various drift times. 


Fig. 5 (above). Relation be- 

tween r.f. voltage and output 

power for the same repelier 
voltages. 
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QY2-100 


BEAM 
POWER TETRODE 


Anode Voltage 


2000 V 


Anode Dissipation 100 W 
Max. Frequency at 


full ratings 


30 Mc/s. 


TYPICAL OPERATING 
CHARACTERISTICS 


As a Class C R.F. Amplifier and 
Oscillator, operating at 30 Mc/s. 


Vin 


Driving Power ... 


Output power ... 


2000 V 

400 V 

180 mA 
160 V peak 
0.5 W 
260 W 


FILAMENT- 
THORIATED TUNGSTEN 


Filament 
Voltage 


Filament Current 


---. and here’s 


The characteristics of a thermionic valve are 
a problem of design. The maintenance of these 
characteristics under long and trying oper- 
ating conditions is a question of production. 
At Mullard, where manufacturing methods 
and processes keep pace with development, 
the result is a valve as reliable in service as 
it is advanced in technique. 

The QY2-100 Beam Power Tetrode, illustrated 


For further developments watch 
HAA 


10 V A.C. or D.C. 


5.0A 





the reason why 


here, is a valve with a wide variety of applica- 
tions in the communications and industrial 
fields. The advantages of its exceptional 
power gain, constant emission and sturdy 
construction are obvious to the discerning 
designer. 


Mullard 


THE MASTER VALVE il 


Technical data and advice on the applications of the QY2-100 Beam Power Tetrode can be obtained from :— 
THE MULLARD WIRELESS SERVICE CO., LTD., TRANSMITTING & INDUSTRIAL VALVE 


DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
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make good jobs 
BETTER! 
Make the 


BEST with 
TENAPLAS 













RADIO SLEEVINGS 
‘TENAPLAX’ TUBING FOR 
CONVEYING LIQUID FOOD 
EDIBLE OILS, ETC. 
INSULATED WIRES & CABLES 
SOLID SECTIONS & STRIPS 
* TENATHERM * SELF-HEATING 
CABLE AND ‘TENAPLAX' 
CO-AXIAL CABLE 















Write for ‘ 
details to 


TENAPLAS LTD. 
WORKS: UPPER BASILDON, NEAR PANGBOURNE, BERKS 





Telephone No. Upper Basildon 228 & 269. 
















MULTI-RANGE 
TEST SET 
Series 100 


PULLIN 


This low current ( 
consumption meter 
(sensitivity 10,000 
Ohms per volt) is 
housed in a strong 
metal box, com- 
plete with test leads and prod. Ranges:—Milliamps 
(D.C. only)-2°5, 10, 25, 100 and 500. Volts (D.C. and 
ao 25, 100, 250, 500 and 1000. Ohms sca'e reading 
100 Ohms to | Megohm with . 

13,500 Ohms at centre point. Price £8. 10. 0 


=b— 


MEASURING INSTRUMENTS (PULLIN) LTD 
All enquiries to Dept. E, Phoenix Works, 
Great West Road, Brentford, Middlesex. Ealing 001/ 
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There's a moral in the 
ECHINOCACTUS NAPINUS CHILE... 


e e « & moral in so far that if 
you don't know anything about 
cacti and start messing about 
with them you are liable to get 
stung rather badly. 


Now apply the same thought to 
Transformers; some people want a 
few Transformers and think the 
order is not large enough to 
bother us with (nonsense of cour- 
se, as you know, but some people 
do think that) so they knock a 
few up themselves from odds and 
ends that are lying about. 


Of course, the so called Transfo- 
rmers are just not quite perfect 
and don't just do the job they 
should. The same thought applies 
also to very cheap quality 
Transformers which some people 
buy and attempt to use. 


The moral is when buying Transfo- 
rmers - go to an expert and get 
the right article - it may cost 
you a little more but, in the 
long run, you are saving money. 


PARMEKO of LEICESTER. 
Makers of Transformers. @ 
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A D.C. Amplifier Using a Modulated 


Carrier System 
By R. A. LAMPITT, A.M.Brit.!.R.E.* 








HE problem of amplifying 
PL! sma voltage changes at fre- 

quencies below 1 c/s. has always 
been a difficult one. It often becomes 
necessary to amplify very slow 
changes in addition to possible tran- 
sients or continuous changes at fre- 
quencies up to several thousands of 
cycles/second. 

Amplifiers have been designed to 
handle these very low frequencies 
and to have gains of anything up to 
a million. . These amplifiers are 
generally of the direct coupled type, 
the type which has the normal coup- 
ling condenser removed so that the 
positive anode voltage of the first 
valve appears on the grid of the 
valve following it. In order to com- 
pensate for this, so that the second 
valve operates under normal con- 
ditions, its cathode potential must be 
raised above earth also by an equal 
amount to the positive grid voltage 
plus the amount of the necessary 
bias. 

By the time this has been done to 
several stages, the required H.T. line 
voltage becomes very high. This is 
a disadvantage, of course, but on the 
other hand it may be tolerated pro- 
viding the results are otherwise satis- 
factory. 


Owing to the fact that the inter- 
stage coupling is direct, any slight 
change in H.T. voltage will-obvious- 
ly cause a change in the grid poten- 
tial of the second valve in the ampli- 
fier. This will be amplified, with 
the result that the output voltage may 
drift by a very large amount, some- 
times a hundred volts or more, de- 
pending upon the overall gain of the 
amplifier. 


This means that the H.T. supni’’ 
must be stabilised, and if the ampli- 
fier is to work with signals of, say, 
1 mV, the drift in H.T. voltage must 
be 1 mV at the most, As a per- 
centave of a supply of, say, 500 volts, 
this is 0.0002 per cent. The heater 
current must also be stabilised very 
efficiently and as a result the appara- 
tus becomes more involved. 

After having stabilised both sup- 
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Fig. 1. Modulation by injection of signal in grid 
circuit. 


plies, there still exists a very pro- 
nounced zero drift if the gain of the 
amplifier is very high. This appears 
to be due to actual emission changes 
in the first one or two stages, and 
may be accentuated if the valves are 
situated in any draught. These 
changes are very small indeed, but 
in actual practice, if high gains are 
used these changes appear as volt- 
age output changes of 20 volts or 
more. 

In order to overcome this effect on 
zero drift, many special circuits have 
been designed, all of which make use 
of an automatic balancing network. 
Some rely on the possibility of two 
similar valves changing in exactly 
the same way, so that their voltage 
drifts may be made to neutralise 
each -other, while others make use of 
a special twin triode with 1 common 
cathode connected so that the drift of 














Fig. 2. Distortion due to non-linear 
characteristic. 
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one section operating as the ampli- 
fier is counterbalanced by the effect 
of the other element which is used 
for balancing only. 


The Modulated Carrier System 


In order to eliminate all or most of 
these disadvantages the author has 
recently designed an amplifier in 
which the signal modulates an R.F. 
carrier wave. It was realised that 
when transmitting a signal in the 
ordinary way, the carrier may be 
modulated at any frequency from 
zero up to a value which is only 
limited by the frequency of the 
carrier itself. When this modulated 
carrier is received it is amplified and 
rectified, the voltages at the modula- 
tion frequency appearing across the 
diode load being an exact replica of 
the modulation of the carrier right 
down to zero frequency. The modu- 
lated carrier could then be amplified 
to a great extent by means of an 
ordinary A.c. amplifier and the re- 
sultant then rectified. 

The great advantage of this method 
is that it is not necessary to use ab- 
normally high H.T. voltages as_be- 
fore. In addition, a large amount of 
stabilising is unnecessary; the heater 
supply need not be stabilised at all 
and the H.T. supply only to a 
reasonable degree. 

Experiments were carried out with 
the object of developing 50-voPt D.C. 
changes for D.c. voltage changes of 
1 mV. These 1-mV changes were 
produced by a thermo-couple of the 
tvpe used in a pyrometer, and ob- 
viously these were very — slow. 
The s5o0-volt changes of output volt- 
age were to be used as a variable 
bias on a 3-phase mercury arc recti- 
fier with the object of controlling its 
output. The whole p.c. amplifier, 
then, would need to have a gain of 
50,000, so with this in mind an A.C. 
amplifier complete with output recti- 
fier was designed. In addition to 
this, a special modulating circuit was 
devised to modulate the carrier with 
the slow voltage changes to be 
amplified. 

The amplifier proved very success- 
ful in that an overall gain of 100,000 











348 


was obtained, and also .D.c. output 
voltage changes of up to 1,200 were 
developed with input changes of 0.01 
volt D.c. The small amount of zero 
drift was corrected by means of a 
constant voltage transformer in the 
power lead of the amplifier, and no 
further stabilising was required. 


The Modulator Unit 


If a carrier frequency of, say, 
20 kc/s. is used, modulation may be 
done in one of several ways. Firstly, 
a variable-mu pentode may be em- 
ployed in the first stage of the carrier 
amplifier, and the gain may be varied 
by varying the bias on the valve. If, 
then, the D.c. voltage changes which 
it is desired to amplify (hence called 
the signal), are made to vary the 
bias, the carrier will become modu- 
lated by these changes. Fig. 1 
shows a simple circuit whereby the 
signal voltage £, is injected into the 
earthy end of the grid -resistor Rx. 
The unmodulated carrier of 20 kc/s. 
is shown as £. and the modulated 
carrier as En. 

If maximum gain is required it 
becomes necessary to adjust the 
standing bias Zs so that the valve 
is operating on the steep part of its 
characteristic (Fig. 2). It is obvious 
that as the valve characteristic is 
variable-mu, the modulation of the 
carrier wil] not be linear, the distor- 
tion being more pronounced as £, 
increases. Another disadvantage is 
that for small values of £, the per- 
centage modulation is only small and 
the rest of the amplifier will be hand- 
ling unnecessarily large voltages. 
This necessitates the use of valves 
with a long grid base and as a result 
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more stages will be required for a 
given overall gain. 


Balancing 


In order to overcome this second 
disadvantage two similar valves may 
be used in a push-pull circuit as 
shown in Fig, 3. The carrier is fed 
through a phase splitter to the grids 
of V; and V; so that the grid voltages 
are equal in amplitude but opposite 
in phase. The two anodes are con- 
nected together through two 1 meg- 
ohm resistors in series, thus Ri, 2:2, 
R:, and &, form the arms of a 
Wheatstone bridge. When &, is 
zero, Em and E may be made equal 
in amplitude by adjusting the gain 
of V; by means of the potentiometer 
VR;. When these two voltages are 
equal (and as they are 180° out of 
phase) the bridge will be balanced 
and the voltage between X and earth 
will be zero. If the gain of Vi is 
varied, the bridge will become un- 
balanced and a voltage will appear 
between X and earth, its amplitude 
depending upon the degree of “ off 
balance,’’ z.e., to half the difference 
between Em and £. 

En +E 

Em = E - —— 

2 

From this it is seen that a voltage 
appears between XY and earth when- 
ever the bridge is off balance, and 
that the amplitude is determined by 
the difference between Em and E. 
The fact that Em may be either 
greater or smaller than £ is not im- 
portant except where the phase of 
Emo is concerned, e.g., if Em is 
greater than £, the phase of Em 
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will be the same as Em and vice 
versa, 

If the bridge is first balanced, a 
D.c. signal E, may be applied, and 
as a result a voltage whose ampli- 
tude is proportional to £, will 
appear across 4’. So long as Zs is 
unidirectional, the modulation en- 
velope of Em. will be an amplified 
version of this signal (Fig. 4 (a) and 
(b)). 

If, however, Z, is an alternating 
voltage of low frequency, the carrier 
will appear as in Fig. 4 (d). In 
order to correct this, therefore, it is 
necessary to off-set the bridge a 
little so that the signal modulates 
the carrier to approximately 100 per 
cent. (Fig. 4 (e)). 

The amplification of the circuit 
shown is equal to half of the stage 
gain of V;, and as V; is a pentode, 
a gain of about 50 may be reasonably 
expected. A number of stages of 
amplification may be added in order 
to increase the gain to that required, 
and the output can then be rectified 
and filtered in order to obtain the 
amplified signal voltages only. 


Class B Operation 


As has been mentioned, if Zs be- 
comes large, distortion will occur 
due to non-linearity of the valve 
characteristics. This may be over- 
come in the following manner: 

Two ‘‘ straight-mu ”’ pentodes may 
be used for V; and V2 and these must 
be biased to approximately cut-off. 
These two valves will, of course, 
rectify the carrier and as a result a 
large percentage of 2nd harmonic 
will appear in Em and E. Due to 
this, a true zero will not be obtained 


Fig. 3 (left). Use of push-pull circuit in form of balanced 
bridge, the output appearing between X and earth. 
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Ef 4 (right). 
_ of applying 
Cc. and. A.C. 





AAA 
vVVVV 














- ‘e bridge 
circuit. 

















Mil c W 

































betwee: 
the fi 
cancel, 
The h 
duced 
ever, b 
in pla 
These 1 
fundar 
further 
may be 
able hz 
nected 
Fig. 
ment o 
tuned | 
anodes 
togethe 
operati: 
using < 
the ser 
creased 
gain of 
This 
used ir 
was fo 
were & 
was im 
Ter. fa 
due to. 
the sig 
of the 
V2. In 
the resi 
larger 
additio1 
by adj 
ship be 
could k 


per cen 


a 


—_ 
+ 


AAAA 

















uit 


ler 


e- 
ur 


r= 


ay 
ist 


se, 
ic 
to 
ed 





November, 1946 


between X and earth since, although 
the fundamental frequencies will 
cancel, the even harmonics will not. 
The harmonic content may be re- 
duced to a very small value, how- 
ever, by the use of two tuned circuits 
in place of Ri and R: of Fig. 3. 
These must, of course, be tuned to the 
fundamental, and, if necessary, 
further attenuation of the harmonics 
may be obtained by mans of a suit- 
able harmonic or low-pass filter con- 
nected in the output. 

Fig. 5 shows a modified arrange- 
ment of the circuit of Fig. 3. One 
tuned circuit only is used and the 
anodes of V; and Vz are now joined 
together, so that the two valves are 
operating in Class B push-push. By 
using a load common to both valves 
the sensitivity of the circuit is in- 
creased, and as a result the overall 
gain of the apparatus will be greater. 

This particular arrangement was 
used in the final apparatus, and it 
was found that although C; and C: 
were equal and A, equalled Rg:, it 
was impossible to obtain a true zero 
for Emo when balancing. This was 
due to the fact that the impedance of 
the signal source changed the phase 
of the input to V; relative to that to 
V2. In order to compensate for this, 
the resistance of Rg: was made much 
larger than that of Rg, and in 
addition was made variable so that 
by adjusting it, the phase relation- 
ship between the two input voltages 
could be made exactly 180°. 

By doing this, it was found that the 
harmonic content was about 1 or 2 
per cent., and by the use of a suitable 
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Fig. 5. 

Modified bridge cir- 
cuit with valves oper- 
ating in Class B with 

common load 

Cc, 
Ec 
f Ec + 180° 

Fig. 6 (below). iH 

Complete circuit Co 
diagram. 





























filter this content was reduced to a 
very low level. Balancing was 
achieved by connecting a_ C.R.O. 
(through its amplifiers) to the output 
of the filter and adjusting Ap: and 
Re alternately until an absolute 
minimum was obtained. A_ D.C. 
signal of approximately 0.01 volt 
was then applied to check for correct 
operation, after which the A.c. ampli- 
fier and rectifier were connected. 
Fig. 6 shows the circuit diagram 
of the main part of the apparatus de- 
veloped by the author. ‘The final 
apparatus contained its own power 
pack and 20 ke/s. oscillator. The 
oscillator was of the resistance tuned 


type and was mounted on a small 
chassis together with the phase 
splitter Vi, Vz, Vs, and the cathode 
follower Vy. The whole of this unit 
was completely self-contained and 
screened. The heaters on _ this 
chassis were fed from a 4-volt 
accumulator in order to reduce the 
slight amount of s50-cycle hum. This 
appeared in the output as a slight 
residual D.c. even when the circuit 
was correctly balanced, but by the 
use of D.c. for the heaters this was 
entirely eliminated. 

The cathode follower V, was used 
in order to decrease the impedance 
between the input to the main ampli- 
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fier and earth so that the possibility 
of noise pick-up here was eliminated. 
Between V, and Vs, in Fig. 6, 
appears the second harmonic filter. 
Following this is another phase 
splitter driving the push-pull ampli- 
fier consisting of V.« to Vs inclusive, 
the output from which is fed through 
a 1:1 ratio transformer into a voltage 
doubler rectifier. The voltage which 
appears across the load ; is an 
amplified replica of the signal £,. 

As the output circuit is a high im- 
pedance one, very little current can 
be drawn from it, but in cases where 
volfage changes only are required, 
this arrangement appears to be quite 
satisfactory. . 


Applications 


In addition to the application men- 
tioned above, this type of D.c. ampli- 
fier was used, after slight modifica- 
tion, in conjunction with strain gauge 
apparatus for the measurement of 
the distortion, under load, of various 
parts of aircraft. 

It was most suitable for the 
measurement of the velocity of large 
movable parts, such as gun turrets, 
etc., when in operation. The motion 
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of the turret around its mounting 
was made to produce a small D.c. 
voltage whose magnitude was pro- 
portional to the velocity of the turret. 
This D.c. voltage was applied to the 
input of the D.c. amplifier just 
described. The output from the 
amplifier was not rectified in this 
case, but the modulated carrier was 
applied to the Y plates of a C.R.O. 
The time base was switched off, and 
a special camera was fitted to the 
front of the tube. This camera con- 
tinuously exposed a slowly horizon- 
tally moving film, so that a record 
was made of the velocity of the turret 
at any instant after starting. The 
width of the dark band on the nega- 
tive was a direct indication of the 
velocity at any instant, and the 
slope of the curve of the modulation 
envelope, an indication of the 
acceleration. Records of this type 
are very useful where possible tran- 
sients are to be measured in addition 
to slow changes of D.C. potential. 

Another possible application seems 
to be in conjunction with the electro- 
encephalograph—the instrument for 
measuring low-frequency brain poten- 
tials. 
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It is most convenient to design this 
type of D.c. amplifier for low signal 
frequencies of from zero to about 
5,000 c/s., so that a carrier frequency 
of from 20 to 50 kc/s. may be used, 
and, in consequence, the - carrier 
amplifier may be of the aperiodic 
type. For wider ranges of signal 
frequencies, and R.F. carrier would 
become essential, and the whole 
apparatus would need to _ be 
thoroughly screened in order to avoid 
instability, etc. Since the majority 
of applications, however, are for the 
amplification of signals where the 
upper limit of frequency extends only 
into hundreds of c/s., the apparatus 
described appears admirable. 
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Increment Features on Variable 


Oscillators 
By A. R. A. RENDALL, Ph.D.* 


N continuously variable oscil- 
Osos, such as a heterodyne fre- 

quency type, it has been found 
very useful to include an increment 
dial whereby specific increments in 
frequency can be obtained at any 
setting of the main dial. This feature 
does not seem. to have been included 
in continuously variable resistance- 
capacity oscillators although, of 
course, it is an essential feature of 
the Decade type of resistance-capacity 
oscillator. Where air condensers are 
used to vary the phase angle of a 
resistance-capacity feedback circuit in 
order to give an infinitely variable 
frequency change the increment fea- 
ture may still be included by adding 
in series with the variable condenser, 
steps of fixed capacity, and for each 
range of the oscillator these steps will 
correspond to true frequency incre- 
ments. This can be seen readily from 
the equations. In all &.-C. oscillators 
the frequency depends upon the value 
of one or more capacity and 
resistance elements, and the fre- 
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quency can be expressed as follows: 


I 
fo = 





27RC 


This frequency is the point where 
some critical phase relation is ob- 
tained in #.-C. sections which may 
be zero or 7, but whichever it is the 
critical frequency can be expressed in 
the above form. An example of one 
such alrangement is shown in the 
diagram. The effect of connecting in 
series with the infinitely variable con- 


denser C, some fixed condenser C, is 
to change f. to fs, where: 








C 4+, 
A=— 
27RC C; 
I 
Baty mong fo 8 
27RC, 


The increment of frequency is 
therefore independent of the setting 
of the infinitely variable condenser C. 
If the resistance R is changed in 
order to obtain ranges, as is usually 
the case in #.-C. oscillators then, of 
course, a different increment is ob- 
tained for each range, but this is 
frequently convenient. For example, 
suppose the frequency scale is divided 
into 3 ranges: 20-200 c/S., 200-2,000 
c/s., and 2,000-20,000 c/s., and the 
increments can be arranged in each 
range as 0.2 C/s., 2 c/s., and 20 C/s. 
As many increments as is desired can 
be arranged by providing the required 
values of C;. For example, a total of 
10 may be desired and the oscillator 
can then be calibrated with an incre- 
ment dial of + 5 discrete increments. 
For the frequency ranges indicated in 
the lower. range, we should get: 5 
increments of + 0.2 c/s. in the middle 
range, 5 of +2 c/s. top range, 5 
increments of + 20 c/s. 

The above arrangement is the sub- 
ject of a B.B.€. patent application. 
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The “ Talysurf” Surface 


Meter 


is a stylus-type of instrument for 

measuring the texture of sur- 
faces. It provides both a graph show- 
ing a cross-section of the surface, and 
a number representing the average 
height of the texture. 

The instrument is suitable for the 
measurement of all _ irregularities 
whose spacing lies in the range be- 
tween about 0.0002 in. and o.1 in. This 
range is found to cover the texture 
normally associated with grinding, 
fine turning and milling, and the fine- 
finishing processes like honing and 
lapping. 

A pick-up unit having a sharply 
pointed stylus is traversed across the 
surface by means of a motor-driven 
unit. The up-and-down movements of 
the stylus as it rides over the surface 
are converted into a correspondingly 
varying electric current, which is 
amplified and then applied to one or 
the other of two measuring instru- 
ments. One of these instruments is 
the recorder, which provides a graph 
drawn on paper, representing the geo- 
metrical shape of a cross-section of the 
surface undulations. The other in- 
strument is the average meter, which 
gives the number representing the 
average value of the undulations. 

The magnification of the height of 
the undulations can be varied in steps 
over a very wide range. The standard 
self-contained magnifications are from 
2,000 to 40,000, but by means of acces- 
sories the range can be extended down 
to 400 and up to 100,000. In the direc- 
tion along the length of the surface 
the magnification is 200 or 50. 

A feature of the instrument is the 
ease with which the magnification can 
be checked by the user, starting from 
a pair of slip gauges. 

The diamond measuring stylus has 
a radius at the tip of 0.0001 in. It 
rests on the surface with a pressure of 
about 0.1 gramme, which is light 
enough to ensure that the shape of 
even the softest metallic surface is not 
altered by the passage of the stylus. 

The instrument is designed to 
measure a wide range of parts and sur- 
faces; and provision has been made 
for the development and attachment 
of different pick-ups and accessories 


[hss ‘* Talysurf ’’ Surface Meter 


Electronic Engineering 


View of Surface 

Meter on stand with 

indicating instru- 

ment and recording 
chart. 


for dealing with special problems that 
lie outside the scope of the standard 
instrument, 

The standard pick-up will measure 
the roughness of external flat and 
cylindrical surfaces, and will enter 
§ in. diameter holes to a depth of } in., 
1} in. diameter holes to a depth of 
6 in., and 4 in. diameter holes to a 
depth of 8 in. 

The instrument is unaffected by 
voltage changes in the A.c. mains, and 
by most kinds of floor vibration. It is 
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suitable for research or inspection 
(particularly on a quality control 
basis) and is mounted on castors so 
that it can be wheeled about the 
laboratory or workshop to the 
machine whose performance is to be 
watched. 

The ‘‘ Talysurf’”’ is manufactured 
by Messrs. Taylor, Taylor, & Hobson, 
Ltd., and full information can be ob- 
tained from them at 150 Holborn, 
London, E.C.1, or from the Stourton 
Street Works, Leicester. 


Portion of typical record obtained on testing a ground metal surface. 


GRINDING 
Magn. 20,000 Vertical and 200 Horizontal. 
Average Meter reading = 7°5 micro-inches. 
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A Home-made 
Midget Receiver 
By L. G. WOOLLETT 


a home-constructed midget re- 

ceiver. It employs an internal 
frame aerial, uses ordinary battery- 
type valves and is_ internally 
powered. Excluding the thickness 
of two % in. knobs, its dimensions are 
4§ in. x 4g in. X 3% in. 

The valves used are 210SPT and 
PM2s52 with their filaments connected 
in parallel and supplied from a 2-volt 
block-type cycle accumulator, a re- 
placement for a type 800 battery. 


H.T, is obtained from four foun- 
tain pen-type batteries. As_ the 
current drain is only og mA 
(210SPT-0.25 mA and PM252-0.65 
mA), it was anticipated that it would 
be possible to obtain the equivalent 
of shelf life from the batteries. This 
has proved to be the case because the 
set has had considerable use for over 
a year both as receiver and unmodu- 
lated signal generator, and _ the 
original batteries are still in service. 


TE HE following is a description of 


The frequency range is from 1,230 
kc/s, to 588 ke/s. 

The circuit is conventional, being 
of the 2-valve, transformer-coupled, 
detector and L.F. amplifier type. The 
aerial winding (24 turns) and reaction 
winding (12 turns) are wound round 
the wooden case, the whole being 
covered with rexine. 


In order to conserve space the bases 
of both valves and the top cap of the 
210SPT were removed, the valves 
being soldered directly into the 
circuit, 


Bakelite dielectric condensers are 
used for both tuning and reaction, 
and the reaction condenser is pro- 


vided with a wiping contact for on-off 
switching. 

Telephony signals sufficiently loud 
to be audible up to a distance of 20 ft. 
from the single earpiece are obtain- 
able from the local transmitters. 
About eight stations have been re- 
ceived after dark. 


The receiver is extremely stable in 
operation and when set to a station 
may be quite roughly handled without 
detuning or falling into oscillation. 
Hand capacity effects are almost en- 
tirely absent, due presumably to the 
use of the frame aerial, there being 
no H.F. points external to the set. 


The high sensitivity, despite the 
use of the frame aerial, is attributable 
to the use of the pentode as detector. 

It was found that 9 V H.T. was 
the absolute minimum for satisfac- 
tory operation, so 12 V were adopted 
to allow for deterioration of the 
battery. 

Circuit details: 

Grid leak, 1.0 megohm; grid con 
denser, 100 pF. 5: 1 mumetal-cored 
transformer not parallel fed as the 
/a of the 210SPT is only 0.25 mA. 
2.0 megohm across secondary of the 
transformer to smooth out a peak in 
its response at 2.4 kc/s. Grid of de- 
tector returned to positive L.T. via 
grid leak and aerial winding. Grid 
of output triode returned to negative 
\L.T. via secondary of transformer. 
H.T. negative connected to L.T. 
positive to provide an extra 2 V for 


The H.F. choke being about ? in. 
diameter and having a hole of about 
1 in. fits snugly over the exhaust tube 
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of the PM2s2, thus saving consider- 
able space. It is wound with 44SWG 
D.S.C, and contains approximately 
400 turns. 





Experimental Stress 
Analysis Group 


A meeting was held at University 
College, London, on September 6, 
1946, to discuss the formation of a 
society concerning itself with photo- 
elasticity. It was decided to extend the 
scope to other techniques of experi- 
mental stress analysis and to form an 
informal group whose object will be 
the interchange of knowledge and ex- 
perience among its members. Some of 
the research workers had suggested 
that the group should be part of the 
Institute of Physics rather than form 
a new society. The secretary of the 
Institute, who was present by invita- 
tion, stated that his Board was always 
prepared to give sympathetic con- 
sideration to requests from informal 
groups interested in Applied Physics, 
for a little assistance in the inaugural 
period, and that this could be accepted 
without prejudice to the ultimate de- 
cision. It was therefore agreed to 
leave the constitution open for the 
present and, in the meantime, to make 
a formal request to the Institute for 
temporary assistance. 


Any research workers or others who 
are interested in experimental stress 
analysis are invited to communicate 
with the honorary secretary, Mr. 
E. K. Frankl, Engineering Labera- 
tory, Cambridge. 
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CORRESPONDENCE 


C.R. Tube Quality Test 


DEAR SiIR,—We have read _ with 
great interest the article by A, M. 
Spooner ,on ‘‘C.R. Tube Quality 
Measuring Apparatus’ on page 273 
of the September issue of ELECTRONIC 
ENGINEERING, and while expressing 
our appreciation of this article we 
would like to mention that we out- 
selves developed a similar piece of 
equipment which was exhibited on the 
stand of Messrs, Marconi-Ekco Instru- 
ments, Ltd., at the 1939 Radiolympia 
display.* As our instrument went 
even further than the one described in 
the article, in that it provided a very 
critical test of interlacing, we think 
readers may be interested to have 
brief details of it, 





Basically the idea was that a syn- 
thetic complete television wave-form 
should be injected into the receiver, 
the vision modulation being such that 
on the screen of a good receiver, a 
lattice pattern made up of dots should 


appear, Each dot was of approxi- 
mately element duration and separated 
from the next in the line scan direc 
tion by an equal space. This sequence 
was repeated for about four lines of 
the first scan of the interlaced picture 
and was then changed so that after 
the first four dots in the line, a blank 
period of similar duration occurred 
during which no dots were formed (see 
photograph). The second scan of the 
interlaced picture repeated this pat- 
tern but with the dots falling imme- 
diately below the spaces between the 
dots of the previous scan. 


The resultant pattern consisted of 
vertical and horizontal bars of dots 
separated from each other by equal 
spaces, and the regularity in spacing 
of these bars formed a criterion of the 
linearity of the scans in the vertical 
and horizontal directions, 

Correct interlacing was shown by 





* Patent Specification No. 520,349. 


the dots appearing to the eye to form 
a regular diagonal pattern of straight 
lines, this psychological effect being 
very sensitive to faulty intermesning 
of the two patterns. Other distortioas 
and aberrations were, of course, 
equally evident, such as pincushicn 
distortion or defocusing. 
The photograph gives a_ general 
idea of the results obtained. 
Yours faithfully, 
P, L. F. TONES. 
Scophony, Ltd. 


Television Fading 


DrAR S1IR,—The following point raay 
be of interest to readers on the fringe 
of the reliable reception area around 
Alexandra Palace, 


During recent tests near Oxford it 
was noticed that airplanes up to 5 
miles away crossing the transmission 
path caused the signal strength to 
fluctuate from relatively zero (so far 
as picture quality is concerned) to a 
little above normal level. This is 
assumed to be due to the reflected 
signal reaching an amplitude nearly 
equal to that of the ground wave and 
varying in phase. 

With pD.c. coupling to the C.R. tube 
the picture almost disappeared at 
times during the fades owing to the 
fact that the peak whites sink towards 
black level, leaving only the high- 
lights to produce beam current, 





A.C.COUPLING D.C. COUPLING 


cR 

















With a.c. coupling, this blacking- 
out cannot occur: all that can take 
place is a loss in contrast, as with 
fades the black level becomes less 
black and the whites less white. 
Under most conditions at the time of 
the test, this proved more tolerable 
than a picture tending to ‘‘ black-out.”’ 
In the case of average fades, which 
were clearly obvious with D.C. coup- 
ling on the tube, they were hardly de- 
tectable with A.c. coupling. 


A.G.C, is probably a better remedy, 
but this very much simpler modifica- 


tion provides an economical com- 
promise. 
Yours faithfully, 
G. “Ts CLACK. 


Balham, S.W.12. 





TELEVISION 
COMMENTARY 


ELEVISION programmes have 

now got into their stride and 

offer regular appointments to 
varied tastes. Sunday afternoon, if not 
a Children’s Hour, has, at any rate, 
a children’s corner, and Sunday even- 
ing is the playgoer’s—I almost said 
‘*corner,’’ because, excellent as the 
plays are, they do not always escape 
from the constriction of the studio 
set. Where film is interpolated, as 
for the sea shots in ‘“‘ Don Juan” 
(October 13 and 16), there is an im- 
mense feeling of expansion, and the 
possibilities of this heightening of 


atmosphere in plays is unlimited. 
On Thursday evenings ‘‘ Picture 
Page’’ is everybody’s lucky dip, 


and the soloists in ‘‘ Music Makers ”’ 


never ‘fail to be __ successful 
picture makers also. Mr. Streeter 
straightens out our ‘gardening on 
Saturday afternoons while we are on 
the way to an outside broadcast which 
all depends on the weather. The 
Ascot Meeting (October 12) won itself 
flattering headlines in at least one 
newspaper in spite of the very bad 
light, 

Many viewers would greatly appre- 
ciate a series of simple explanatory 
talks by television experts on the 
more obvious technical defects of the 
television picture and the possibilities 
of overcoming them. Viewers are 
often uncertain when defects are in 
their own receivers and when they are 
a part of the transmission. But they 
understand that the B.B.C. admits 
defects. Such talks might cover the 
rather frequent breakdowns ‘“ Owing 
to technical trouble ’’; the necessity 
for frequent readjustment by the 
viewer of brightness control; altera- 
tions, which appear to come from the 
transmitting end, of the light and 
shade of the picture; the white flare 
which sometimes appears at the 
bottom of the picture; and similar 
topics which the amateur would like 
to understand. 

JEAN BARTLETT 
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NOVEMBER MEETINGS 


Institution of Electrical Engineers 


All meetings of the London Section will 
be held at The Institution of Electrical 
Engineers, Savoy, ‘Place, Victoria Embank- 
ment, London, W.C.2. 


Radio Section 

Date: November 6. Time: 5.30 p.m. 

Lecture: ‘* The Pulse Testing of Wide- 
Band Networks.”’ 

By: D. C. Espley, D.Eng., E. C. Cherry, 
M.Sc., and M. M. Levy. 

Date: November 20. Time: 5.30 p.m. 

Lecture: ‘* The Voltage Characteristics 
of Polythene Cables.’’ 

By: R. Davis, M.Sc., A. E. W. Austen, 
Ph.D., B.Sc., and Prof. Willis Jackson, 
D.Sc., D.Phil. 


Date: November 26. Time: 5.30 p.m. 

Discussion on “‘ The Economics and Sub- 
jective Requirements of Television Pic- 
ture Sizes.’’ 

Opened by D. C. 
M.A. 

Note: This meeting is also open to 
members of The Television Society, by 
kind invitation of the Institution. 


ee Place, 


Birkinshaw, M.B.E., 


The Secretary, Savoy 


London, W.C.z2. 


Cambridge and District Group 
Date: November 19. Time: 6 p.m. 
Held at: The Cambridgeshire Technical 
College. 

Lecture: ‘‘ Radar Navigation.” 

By: R. A. Smith, M.A., Ph.D. 

Group Secretary: 
D. H. Hughes, c/o Pye Ltd., Radio 
Works, Cambridge. 


The Television Society 
The scheduled meeting is postponed—see 
meeting above for Radio Section of 
The Institution of Electrical Engineers. 


Lecture Secretary: 
G. Parr, 68, Compton Road, London, 
N.21. 


The Institute of Physics 

Date: November 8. Time: 7 p.m. 

Held at: New Physics Theatre, Man- 
chester » University. 

Lecture: ‘‘ Contact Potentials.”’ 

By: Dr. F. A. Vick, O.B.E., F.Inst.P. 

Note: This is a joint meeting of the 
Manchester and District Branch and 
the Electronics Group. 

Secretary: Dr. F. A. Vick, O.B.E., 
F.Inst.P., Physics Dept., The Univer- 
sity, Manchester, 13. 

Date: November 9. 

Held at: The University, Birmingham. 

Lecture: ‘* The Cavity Magnetron.” 

By: Dr. H. A. H. Boot. 

Secretary: Dr. J. H. Nelson, A.Inst.P., 
Messrs. Joseph Lucas, Ltd., Birming- 





ham. 





Brit. 1.R.E. 
London Section 


Date: November 21. Time: 6 p.m. 


Held at: The London School of Hygiene 


and Tropical Medicine, Keppel Street, 
London, W.C.1. ° 
Lecture: ‘‘ The Ionosphere and _ the 
Transmission of Radio Waves.’’ 
By: Professor G. W. O. Howe, D.Sc. 
The Secretary : 
The British Institution of Radia 
Engineers, 9, Bedford Square, W.C.1. 


RADIO SOCIETIES 


A number of Radio and Scientific Socie- 
ties have resumed activity after the war 
and it is hoped to give notice of their 
meetings as often as space permits. The 
following have been received. 


Whitefield and District Radio Society 

This Society is now holding regular 
weekly meetings every Monday evening at 
7.30 p.m. at the Stand Grammar School, 
Higher Lane, Whitefield. 

Further particulars of membership, etc., 
are obtainable from the hon. secretary, 
Mr. E. Fearn, 4 Partington Street, New- 
ton Heath, Manchester, 10. 


West Middlesex Amateur Radio Club 


The Club will meet regularly at the 
Southall Labour’ Hall Rooms on _ the 
second and fourth Wednesdays in each 
month at 7 p.m. 

Further particulars are obtainable from 


The Secretary, Mr. N. Priest, 7 Grange 
Road, Hayes, Middlesex. 


Stockport Radio Society 


The late Secretary has now left the dis- 
trict and his duties have now been taken up 
by Mr. L. Chappell, Heathfield, Buxton 
Road, Disley, Cheshire. 


Oswestry and District Radio Society 


The above Society has now been formed 
and details may be obtained from the 
Secretary, Mr. A. D. Narraway, 
‘* Lamorna,”’? Pant, Oswestry. 


llford and District Radio Society 


All meetings are held at: St. Albans 
Church Hall, Albert Road,. Ilford. 


Date: November 7. Time: 8 p.m. 
Discussion. 
Date: November 14. Time: 8 p.m. 


Lecture: ‘‘ Measurements in the Radio 
Field.” 

By: J. DeGruchy. 

Date: November 21. "Time: 8 p.m. 

Lecture: ‘‘ Television receiver construc- 
tion.” 

By: E. G. Coe. 

Date: November 28. Time:.8 p.m 

Lecture : ‘‘New Developments in Speakers 
and Records.’’ 

By: H. A. Hartley. 

Secretary: Mr. C. E. Largen, 44 Tre- 
lawney Road, Barkingside. 
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Mr. V. H. Gilbert 
Mr. V. H. Gilbert, late of Radio- 
visor Parent, Ltd., has resigned his 
post as chief engineer and manager 


of technical development and _ is 
entering business on his own account. 
He will be glad to hear from business 
friends and acquaintantes who may 
have electronic problems or require- 
ments. His address is 180 Twicken- 
ham Road, Isleworth, Middlesex. 
Telephone: Hounslow 4710. 
Mr. A. J. Maddock 
Mr, A. J. Maddock, M.Sc., late of 
Standard Telephones and Cables, 
Ltd., and hon. secretary of the 
Electronics Group of the Institute of 
Physics, has taken up an appoint- 
ment as head of the Electrica] Instru- 
ment and Electronics Departments of 
the British Scientific Instruments 
Research Association. His new ad- 
dress is ‘‘Sira,’’? Southill Road, 
Elmstead Woods, Chislehurst, Kent. 
Telephone: Imperial 3043. 
Ardente Intercommunication Systems 
A recent note on the Ardente Inter- 
communications Systems mentioned 
the ‘‘ Loud-Hailer ’”? equipment also 
manufactured by the same firm. 
Messrs. Ardente Acoustic Labora- 
tories would like to acknowledge with 
thanks the part played by Messrs. 
Reslo (Sound Equipment), Ltd., 
during the war for the supply of 
loudspeakers in connexion with the 
large Admiralty contracts for this 
equipment. 
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NOTES FROM THE 


INDUSTRY 








PHILCO NEW 
TELEVISION RECEIVER 


A feature of the first 
post-war television re- 
ceiver announced by the 
Philco Radio & Tele- 
vision Corporation is 
that it is designed to be 
a piece of furniture 
when not in use. 

When closed, the set 
resembles a_ sloping- 
front desk, and by press- 
ing a button in the 
centre of the cabinet, 
the lid rises and brings 
up the screen of the 
tube for viewing. 

Controls have been 
reduced to  three— 
brightness, sound vol- 
ume, and (an unusual 
one) sound tone con- 
trol. The circuit is a 
16-valve T.R.F. with a 
12 in. tube. The pre- 
set controls are hidden 
in a recessed panel at 
the bottom of the 
cabinet, a position which 
facilitates adjustment 

when operating. 


New Midget Valves : 

Details of two new midget valves, 
designed for use in miniature radio 
receivers and hearing aids, have been 
released recently by the Park Royal 
Scientific Instrument Co. 

The first, the Type 500 ‘‘ Mid- 
getron,’’ is a voltage amplifier pen- 
tode with a filament voltage of 0.75 
and maximum anode and _ screen 
voltages of 67.5. The mutual con- 
ductance is 0.25 mA/V and _ the 
impedance 1.0 meg. 


The power output pentode Type so1 
has a filament voltage of 1.5 and a 
filament current of 50 mA. The 
mutual conductance is 0.8 mA/V and 
the impedance 74,000 (seg photo). 

The overall dimensions of the 
valves are 35 and 43 mm. respectively 
and the bulb is 12 mm. diameter. 

This Company also supply a 
miniature neon tube, Type 508, 
measuring 45 mm. by 7 mm. and 
having a striking voltage of 110 D.C. 
On 220 V the series resistance (which 
should never be omitted) is 0.25 meg. 


The agency for these tubes in this 
country is held by Messrs. Runbaken 
of Manchester, but export inquiries 
should be addressed to the makers. 


Full particulars and prices can be 
obtained from the Park Royal Scien- 
tific Instrument Co., 52 Minerva 
Road, N.W.1o. 


British Industries Fair, 1947 
The first British Industries Fair 
since 1939 will be held from May 5 to 
16 next year, and as in pre-war years 
exhibits will be grouped in two main 
sections: the lighter industries in 


London and the engineering and hard- 


ware at Birmingham. The London 
section of the Fair is organised by the 
Export Promotions Department, 
Board of Trade, 35 Old Queen Street, 
S.W.1, and the engineering section by 
the Birmingham Chamber of Com- 
merce, 95 New Street, Birmingham, 2. 
P.L.C.A.O. 

The letters stand for Provisional 
International Civil Aviation Organi. 
sation, and are printed on a booklet 
of Demonstrations of Radio Aids to 
Civil Aviation issued by H.M. Sta- 
tionary Office. The contents describe 
the radio aids which were demon- 
strated in Britain during September, 
1946, and include long and_ short 
range navigational aids, area control 
and landing aids, and long, medium 
and short range communication sys- 
tems. There is also a section on 
ancillary apparatus (trainers and test 
equipment) and some _ good _photo- 
graphs illustrating the trend towards 
‘ miniaturisation ’’ (what a word!) 
of components. 

The book is excellently produced 
at 5s., and should be a valuable 
reference for all concerned with radio 
and aviation. 

Measuring Instruments (Pullin Ltd.) 

In an advertisement of Measuring 
Instruments (Pullin), Ltd., that ap- 
peared in a recent issue of this pub- 
lication an incorrect price of £8 was 
given for the M.I.P. Series 100 Multi 
Range Test Set. Readers should note 
that the correct price is £8 ros. 
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BOOK REVIEWS 








Elementary Electric-Circuit 
Theory 


By R. H. Frazier. McGraw-Hill. 425 pages. 
267 Figs. (Price 20s. net.) 


One of the lessons the war has taught 
us is that general principles in one branch 
of science are applicable to another 
apparently quite different branch. The 
author of this book shows that this is 
also true of branches of the same subject, 
and he points out in the preface that 
differences in procedures for solving 
electric-circuit problems in power, com- 
munication and electronic engineering 
arise not from differences of principle 
but from differences in emphasis of detail. 
The book concerns itself with elementary 
electric-circuit theory, starting with resis- 
tance networks having pD.c. applied 
voltages and finishing with impedance 
networks to which are applied composite 
A.c. voltages. Besides the eight chapters 
there is an appendix, and at the conclu- 
sion of each chapter are a résumé and a 
series of questions and problems. 


The first chapter defines electric-circuit 
conditions and concepts, giving an 
elementary dissertation on the generation 
and use of electric energy, and _ the 
differences in viewpoint between the 
power and communications engineer. 
There is also a discussion of distributed 
(field) effects and concentrated (circuit) 
effects. Symbols, terminology, units, 
diagrammatic representation and _ instru- 
ments complete this long introductory 
chapter of 69 pages. A word of warning 
to English readers—the symbols and unit 
abbreviations are not identical with those 
recommended by B.S.I. The use of A 
for fv.dt. will puzzle many who are 
familiar with the normal term for wave- 
length. Resistance networks and methods 
of calculating current and voltage com- 
ponents are the subjects of chapter II. 
Duality, reciprocity and superposition are 
fully discussed, as well as _ star-to-delta 
transformations and Thévenin’s theorem. 
Several fully worked-out examples illus- 
trate and clarify the theory. 


The third chapter is concerned with 
elementary basic a.c. theory. The symbol 
Q for reactive power is not a happy choice 
since to most radio engineers it imme- 
diately conveys magnification factor. No 
electrical engineer, be he power or com- 
munications man, can afford to be with- 
out a sound knowledge of complex alge- 
bra, and chapter IV covers the ground 
very thoroughly, starting from vectors 
and passing on to a full set of examples 
illustrating the application of complex 
algebra to the solution of circuit prob- 
lems. Chapter V is the a.c. counterpart 
of chapter II. Special examples show the 
general principles in action to solve 


problems involving transformers, tuned 
circuits, street lighting circuits, etc. There 


is a final section on the derivation and 
construction of impedance and admittance 
locus diagrams. 


Chapter VI is devoted to Fourier 
analysis, and the discussion passes on 
quite naturally to filters and the behaviour 
of networks under the action of non- 
sinusoidal E.M.F.’s. Chapter VII swings 
over more definitely to power problems 
dealing in detail with polyphase opera- 
tion. Transient disturbance effects are 
considered in the last chapter, which is 
followed by an appendix containing wire 
tables (American sizes), skin effect curves 
for increase of resistance with increase of 
frequency, certain selected physical con- 
stants, and tables of trigonometric and 
natural logarithmic functions. 


The book leaves the reviewer with a 
feeling of disappointment; the impression 
is that a series of university lectures have 
peen collected and bound together, for 
the unity which a book should give is 
lacking. A good deal of this dissatistac- 
tion arises out of the first chapter which, 
for an introductory one, occupies an 
excessive length, a little more than 1/6th 
of the whole. It is suggested that an 
improvement would be made by delaying 
discussion of electric field effects to a 
later stage, and removing instruments to 
another chapter. More could also be 
done to stress that differences between 
power and communication problems are 
matters of detail and not principle. The 
transformer and rectifier smoothing filter 
offer an excellent opportunity of illustrat- 
ing this point, and paragraph 13 on page 
206 might have been expanded to cover 
this aspect more fully. 


Minor points of criticism are the rather 
frequent use of footnotes, the failure to 
provide answers to the numerical prob- 
lems at the end of each chapter, and the 
lack of a contents page giving the main 
section headings. On page 180 the 
diagram showing voltage as the reference 
vector for a series circuit makes it difficult 
to line-up the real and imaginary axes 
with the components of the complex 
impedance. This disappears if current is 
taken as the reference vector. The jump 
into series forms for the sine and cosine 
functions on page 166 hardlv accords with 
the elementary character of the previous 
chapter. 


In spite of these defects, which are all 
remediable, the book will prove useful to 
the second and third year university 
student in electrical engineering, and the 
wide selection of problems will make it 
particularly valuable for tutorial work in 
electric-circuit theory. 


K. R. Sturvey. 








Soul of Lodestone : The Back- 
ground of Magnetical Science 


By Alfred Still, 223 pp. (Murray Hill Books 
Inc., N.Y., $2.50). 


Writing of Gilbert’s work on _ the 
magnet, the author says: ‘‘ Admitting he 
was a fine fellow... we may yet be 
inclined to ask ‘ But what, after all his 
twenty years of experimenting and ponder- 
ing—what did he really know about 
magnetism?’ The answer, if we are to 
be reasonably honest must be ‘ Very 
little.’ 

But let us ask another question: 
‘ What does the physicist of our day know 
about magnetism? What do we, after 
more than three centuries of scientific pro- 
gress, know about magnetism?’ The 
answer, governed by the same qualifica- 
tion, will have to be: ‘ Very little.’ ” 

Prof. Still does not, then, attempt to 
answer the question ‘‘ What is mag- 
netism? ’’ Rather does he trace the growth 
of the science from the fables of the pre- 
Gilbertian era to the lines of force 
visualised by Faraday, dwelling on the 
influence of contemporary thought at all 
stages on the theories which attempted 
to explain the mystery of magnetic 
attraction. 

This account divides almost sharply into 
the pre- and post-Gilbert eras. The master- 
piece De Magnete not only created the 
science of terrestrial magnetism, but, as 
Fleming said, ,‘‘ marked a distinct epoch 
in philosophi®’ thought.” 

How far this philosophic thought was 
leading science can be appreciated when 
it is noted that twenty years after Gilbert’s 
book appeared, van Helmont was still 
theorising on the stupefying influence of 
garlic on the virtue of the lodestone. It 
was Porta who demonstrated that breath- 
ing onions over a compass did not make 
it lose its property—a simple experiment 
that was beneath the intuitive faculties 
of the ancient philosophers ! 

The historian will not find all the 
details of the development of the com- 
pass in this book, or even the horseshoe 
magnet, and he may feel that the sen- 
tence ‘In 1876 the extremely accurate 
Thomson (Kelvin) compass was _intro- 
duced and adopted by the British Navy ” 
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gives little indication of the trials of Lord 
Kelvin under the apathy of Admiralty 
officials. In point ot fact, although his 
compass had been tested and successfully 
reported on by the Merchant Navy and by 
nearly every Navy in Europe, it was not 
until 1879 that the Lords Commissioners 
were graciously pleased to accept a com- 
pass for trial at Kelvin’s own expense ! 

The author’s final chapters, if they do 
not give us a clue to the answer to ‘‘ What 
is magnetism?” console us with the 
thought that we may have discovered all 
that it is good for us to know, and that 
the answer to ‘‘ How? ”’ is more easily 
obtained than the answer to ‘‘ Why? ”’ 
In these days of cheap textbooks, ill- 
prepared and often inaccurate, it is refresh- 
to read a scholarly book written in lucid 
English and abounding with quotable 
paragraphs. 

Silvanus Thompson would have liked to 
have written such a book—a review from 
his pen would certainly have done it more 
justice. 

G. Parr 


Whittaker’s Electrical 
Engineer’s Pocket Book 


913 pp. Edited by R. E. Neale (Pitman 30s. 
net.) 


This is the seventh edition of this well- 
known pocket book (the term is a little 
euphemistic, as the book is 2 in. thick!) 
and the editor states in the preface that 
it has been almost completely re-written 
to bring it into line with current practice. 

While this may be true of certain 
sections dealing with the generation and 
transmission of electricity, the reader may 
feel that there is yet a great deal more to 
be re-written in order to bring the book 
uniformly up to date as a_ standard 
reference work. 

This is, of course, one of the diffi- 
culties of an editor. His authors may be 
scattered, particularly as the edition was 
probably prepared towards the end of the 
war, and he may be unwilling to make 
drastic alterations to the text. in their 
absence, or hand the material to someone 
else to revise. 

As an example of a section which 
needs complete revision, there is the 
chapter on Oscillographs which continues 
to show the Braun cold-cathode tube of 
1900 and does not mention the new- 
fangled method of focusing the cathode 
rays by means of an electric field. 

The whole science of thermionics is 
covered in six pages, which includes a 
sketchy outline of valve theory. There 
is no mention of the newer magnetic 
materials such as Alnico and Ticonal. 
Other examples of more direct concern to 
the power engineer might be quoted. 

The time has come when it might be 
worth considering the publication of 
pocket books in two sections: the first, 
dealing with fundamentals, could he re- 
printed from time to time almost without 
alteration; and the second, dealing with 
recent advances, could be modified to keep 
pace with developments with less trouble 
on the part of the editors and wai “ag 
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The Parallel Operation of 


Gasfilled Triodes 
(Continued from page 338.) 
voltage e:, which is added to the nor- 
mal anode voltage of tube No. 2 (Fig. 
sc). This transient pulse causes a 
corresponding change in the critical 
grid voltage curve for tube No. 2 as 
shown, the result of which, with a 
given change in applied grid voltage, 
is to cause tube No. 2 to strike within 
the period required for voltage e to 

reach its maximum. 

The introduction of inductance into 
the anode circuit will not normally 
have any harmful effects. It may be 
noted that when both tubes are con- 
ducting there is no relative rate of 
change of current, except for varia- 
tions of arc drop which would give 
negligible effects in most cases, so that 
no trouble should be experienced with 
inductive voltage changes in the anode 
circuit. 


Tube Replacement Technique 


The necessary provision for replac- 
ing either tube in a parallel circuit 
without interruption of working can be 
made simply by inserting a switch or 
plug and socket connexion in each 
anode lead. In the event of failure of 
either tube the procedure for its re- 
placement is as follows: 

1. Open anode circuit of faulty tube. 

2. Remove faulty tube from socket. 

3. Insert new tube. 

4. Wait for appropriate cathode pre- 

heating time. 

5. Reclose anode circuit. 

This simple sequence of operations 
restores the circuit to its normal work- 
ing condition. 

In practice there may be some diffi- 
culty in deciding when a tube requires 
replacement, especially if the opera- 
tion. of the circuit is not greatly dis- 
turbed by the failure. There are 
probably not many applications where 
the complication of a current-failure 
indicator is warranted, but the pro- 
vision of individual ammeters is a 
relatively simple solution in cases 
where there is regular inspection of 
the equipment, with the added advan- 
tage that such meters give a con- 
tinuous indication of the relative load- 
ing of the tubes. In many types of 
tube the glow can be seen without diffi- 
culty, and the criterion of the neces- 
sity for replacement is then the 
attenuation or complete failure of the 
discharge, or such other symptoms as 
may be recognised from experience 
with the particular type of tube. 
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ABSTRACTS OF 
ELECTRONIC LITERATURE 
TELEVISION CIRCUITS Design and Use of ienetty Connie 


Image Orthicon Camera 
(R. D. Kell and G. C. Sziklai) 


One of a series of developmental tele- 
vision cameras using the image orthicon 
is described. The complete camera 
weighs less than forty pounds. The in- 
put required by the camera is 300 watts. 
This power may be supplied by a non- 
regulated power supply or generator. 
A unique regulated high voltage supply 
was developed for the electron multiplier 
and image section of the camera tube. 


The camera circuits include the deflec-. 


tion system, voltage regulators, black- 
level setting, blanking circuits, and 
video amplifiers. A total of seventeen 
tubes is used in the camera. An 
extremely high-sensitivity version of the 
camera, using reflective optics, is also 
described. 

—R.C.A. Review, March, 1946, p. 67. 


Local Oscillator Radiation and _ its 
Effect on Television Picture Contrast 
(E. W. Herold) 


The objects of this paper are (1) to 
investigate the effect on a_ television 
receiver of a c.w. interfering signal 
which lies in the high end of the picture 
band, (2) to set up a maximum permissible 
interference level, and (3) to correlate this 
level with radiation from the local oscil- 
lator of superheterodyne receiver. 

It was observed that the chief annoy- 
ing effect of interference at the high end 
of the video band was a loss in contrast. 
A strong interference, in fact, caused a 
complete loss in contrast, or even a 
negative picture. Overall contrast grada- 
tion curves were computed theoretically 
which checked the experimental observa- 
tions; the observations and computations 
indicated that a 20-decibels signal-to- 
interference field strength ratio at the 
antenna is a minimum satisfactory value. 
To maintain this ratio in a 500-micro- 
volt permeter region of a desired trans- 
mitter, nearby receivers must have a 
radiation’ below 0.01 microwatts. Pre- 
war receivers, which used no_ radio 
frequency state, radiated 100,000 times 
unsatisfactory. A grounded-grid triode 
radio frequency stage may give a reduc- 
tion of about 30 decibels or more, and 
a pentode radio frequency stage may be 
made even better. Other remedies are 
also discussed, but all increase receiver 
cost somewhat. However, it is made 
clear that an adequate television service 
will require suppression of radiation if the 
frequency assignments are such as to 
make interference possible. 

—R.C.A. Review, March, 1946, p. 32. 


Frequency Modulated Oscillator for 
Leak Hunting 
(W. M. Brubaker and V. Wouk) 

A circuit for converting a variable p.c. 
voltage signal into a frequency modulated 
audio-oscillation is described. The circuit 
can be used for general monitoring pur- 
poses, but this article confines the descrip- 
tion to its use in conjunction with an 
ionixation gauge for leak hunting in 
vacuum systems. The oscillator enables 
one operator to hunt leaks more rapidly 
and effectively than two men calling out 
meter readings. Leaks representing pres- 
sure rises of less than 4x10-* mm. of 
Hg have been found with an ionization 
gauge and this oscillator. 

—Rev. Sci. Inst., March, 1946, p. 97. 


Decade Counting Circuits 
(V. H. Regener) 

A direct-coupled pentode trigger pair, 
previously described, is made the basis of 
two simple ring-of-ten circuits for high- 
speed counting. One of the circuits is 
especially suited for the counting of sharp 
pulses up to a frequency of 10 cycles per 
second. The other circuit is especially 
suited for frequency measurements on 
periodic currents of arbitrary wave form 
and of frequency from zero to above 10 
cycles per second. The number of pulses 
or cycles counted by one ring-of-ten is 
indicated on the screen of a cathode-ray 
oscilloscope tube. Several of these ring- 
of-ten units, each with its cathode-ray 
tube, can be connected in cascade to make 
electronic counting with direct indication 
of the decimal figures possible. 

—Rev. Sci. Inst., Vol. 17, May, 1946, 

p- 185. 


A Contact Modulated Amplifier to 
Replace Sensitive Suspension Galvano- 
meters 
(M. D. Liston, C. E. Quinn, W. E. Sergeant, 
and G. G. Scott) 

The electronic amplifier, described is 
designed to measure extremely small p.c. 
and low frequency A.c. voltages m low 
impedance sources. Expressing the elec- 
trical noise in terms of equivalent input 
voltage with a 5-ohm input resistance and 
a 5-milliamp Esterline-Angus recorder, the 
maximum departure from the mean does 
not exceed 1.5 x 10-® volt. Under labora- 
tory conditions the drift is less than 
5 x 10-* volt over a period of 8 hours. 
The amplifier is compact and rugged, and 
it is not affected by vibrations or accelera- 
tions experienced in moving vehicles. At 
present the amplifier is employed in the 
measurement ot radiant energies in infra- 
red spectrographs. It is also used for 
various laboratory and field measurements. 
—Rev. Sci. Inst., Vol. 17, May, 1946, 

p- 194. 





Pentode Trigger Pai 
(V. H. Regener) 

A trigger circuit using two pentodes with 
direct anode to screen coupling is described. 
The mechanism of electrical stability and 
instability and the process of triggering are 
discussed. Sample diagrams for a pulse 
generator, an ‘electronic switch, and a 
scaling circuit are given. 

—Rev. Sci. Inst., Vol. 17, May, 1946, 

p. 180. 


THERMIONIC DEVICES 


The Hydrogen Thyratron 
(H. Heins) 

A thyratron of special design was used 
as a switch in early radar systems to 
replace the rotary spark gap. The hydro- 
gen thyratron, described in the article, 
is controlled by applying a trigger voltage 
at desired repetition rate to the grid. The 
advantages claimed for this device include 
light weight and compactness, precision 
timing, flexibility of operation, relatively 
low tube drop at high peak currents, and 
operation over wide ambient temperatures. 
The use of hydrogen introduces certain 
difficulties which are detrimental to the 
life of the tube. Particular applications 
mentioned are: pulse communication 
systems for multichannel operation, high- 
speed welding, electroplating with increased 
speed, and high-speed photography. 

—Instruments, April, 1946, p. 211.* 


The Calculation of Amplifier Valve 
Characteristics 
(G. Liebmann) 

The anode-current/grid-voltage charac- 
teristics of valves are determined with 
the help of diagrams and design charts 
based on Langmuir’s data on the current 
flow in plane diodes with consideration 
of initial electron velocities, and on 
Oertel’s and Herne’s equations for the 
extended to multi-grid valves and _ to 
valves possessing a more complicated 
shape. Special attention is given to the 
‘ variable-mu_ effect,’’ which represents 
one of the limiting factors in practical 
valve construction. A simple expression 
describing this effect is derived, and a 
chart of the ‘‘ variable-mu constant ”’ is 
presented, in which space charge is taken 
into account. Measurements on especially 
made experimental valves and on several 
types of modern mass-produced valves 
confirm the treatment of the variable-mu 
effect and show that the methods out- 
lined in the paper, forming a complete 
design system, allow the prediction of 
the static valve characteristic with good 
accuracy even in closely spaced modern 
valves. 

—Jour. I.E.E., Vol. 93, Pt. 3, May, 

1946, p. 138. 
* Abstracts supplied by the courtesy of Metropolitan 
Vickers Electrical Co. Ltd., Trafford Park, Manchester 
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».PRODUCTS 


FOR ELECTRICAL AND RADIO ENGINEERING 


Precious Metal Contacts. 


Silver-on-Copper Bi-Metal. 


Bi-Metal 


Contact Units. Non-Ferrous Metal and Alloy Wire and Strips 


for Resistances and Fuses. 
Alloy Wires and Strips. 


Platinum, Silver and Precious Metal 
Silver Plated Copper Wires. Low 


Temperature Brazing Alloys including ‘ Easy-Flo,’’ ‘ Sil-Fos ’’ 
Nickel Valve Tubes, Pure Nickel Gauze. 
Fusible Alloys. Selenium, Mercury and other Non-Ferrous Metals. 


and ‘ Silbrallow.’’ 


You are invited to write for fuller information 
on any of the above to: 


JOHNSON MATTHEY X% c? Lime 


HEAD OFFICE : 


73/83 HATTON GARDEN, LONDON, E.C.I 


























ELECTRONIC 
CONTROL 


HIGH ACCURACY 


RESISTANCE THERMOMETER 
CONTROLLER — vests tre 


This is a purely electronic 
controller giving an output 
proportional to the deviation 
of the temperature from the 
desired value. It operates 
up to 800° C. with a platinum 
resistance - thermometer. 
Sensitivity one part in 5000. 
Primarily developed to con- 
trol the temperature of creep 





test specimens, the SUNVIC 
RESISTANCE THERMOM- 
ETER CONTROLLER is suit- 
able for high accuracy work 
within the range covered by 
platinum and nickel resist- 
ance thermometers. 

For details, please request 
technical publication 
RT 10/ 16. 





SUNVIC 
CONTROLS 
LTD. 


Stanhope House, 
Kean Street, 
London, W.C.2. 





TAS/SC 117 
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The Input Impedance of a Cathode Follower 
A Useful Demonstration Device 


The circuit of Fig. 1, with com- 
ponents laid out on a ‘‘ bread board ”’ 
in the form of the circuit diagram, 
has been found to give a most con- 
vincing demonstration of the high 
input impedance of a cathode follower, 
for instructional use. 


A s5o0-cycle sine wave (the CAL 
voltage from a Cossor oscilloscope 
serves well) is fed in at @ in Fig. 1. 
Valve V; is a squarer, and the square 
wave at its anode, first slightly 
attenuated, passes through the CR 
circuit of which # is the grid resist- 
ance of the cathode follower V2. The 
waveform at 4 is displayed on an 
oscilloscope. 


With the switch S open, the cathode 
follower is inoperative and the time 
constant of the CR circuit is short 
(1/500 sec.) compared to the duration 
of the square wave. The lower wave- 
form of Fig. 2, a “ differentiated ” 
waveform, is displayed. When S is 
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closed, the action of the cathode 
follower multiplies the effective value 
: (4 + 1)Rx +P 
of R by ————————_, in this case 
Rut+p 

A long time constant is 


approx, 50. 
the wave- 


therefore produced, and 





Fig. | 
(lefc.) 


Fig. 2 
(right) 











form will be seen to convert itself 
slowly to the upper waveform of 
Fig. 2, as the cathode follower warms 
up. This slow change makes the 
demonstration mose effective. 
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Standard Cases 
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DELIVERY NOW 





Superbly finished model of highest grade heavy gauge 
sheet steel, strongly welded and complete with internal 
metal chassis finished in light grey, brown, yellow, red 


or black. 


Type 1053A 153” w. x 8’d.x 9% h. £4 I5s. 0d. 
Type 1053B 17)” w.x 9 d. x 10}” h. £6 I5s.0d. 
Type 1053C 24” w. x 12’ d. x 15” h. £8 I7s. 6d. 





112-116 NEW OXFORD ST., LONDON, W.C.!. 


S.E.M. 
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requirements. 


tors, 





These components can be designed 
to meet individual customer’s special 


All windings are interleaved and 
vacuum-impregnated. Both trans- 
formers and chokes are tropically 
finished to latest specifications. 

In common with all S.E.M. machines, these chokes and 
transformers are manufactured to the highest standards of 
mechanical detail, and are subject to rigid inspection tests. 


ree SMALL ELECTRIC MOTORS LTD. 


ave specialized for over 30 years in making 
electrical machinery and switchgear up to 10 kW. 
capacity. They are experienced in the design and 
manufacture of ventilating fans and blowers, 
motors, generators, aircraft and motor genera- 
high-frequency 

starters and regulators. 
A SUBSIDIARY OF BROADCAST RELAY SERVICE LTD. 


Chokes 


and Transformers , 


ANUFACTURING facilities are 
available for producing power 
transformers and smoothing chokes 
from 10 V.A. to 10 K.V.A.,designed 
and manufactured by S.E.M. en- 





A typical S.E.M. vacuum- 
impregnated transformer. 
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ERG’S HAVE THE URGE TO GO ABROAD 







SPEAKING 
|  EXPORTLY— 


ERG Resistors have an 
exceptional electrical specifi- 
cation and performance, with 
mechanical strength. 

High Grade Vitreous 
Enamels used on our Tropi- 
cal Resistors give long life, 
and definitely assist in the 
trouble-free manufacture and 
performance of Radio 
Receivers, Television and 
Test Equipment. 

Processed up to the high- 
est Service Standards at a 
competitive price. 


i 


ERG 


INDUSTRIAL CORPORATION LTD. 
Sales Office: 
10, PORTMAN SQUARE, 
LONDON, W. 


Phone: Welbeck 8114/5 
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A new, heavy-duty 








switch of robust con- 
struction suitable for 
multi - circuit operations 
and capable of giving a long 
and trouble-free life. Can be built 
up into 1, 2, 3, 4 or §-cell units providing 
a large range of contact combinations. Send for 
folder giving full particulars. 

A 


hance. 


MADE BY AUSTINLITE LTD. Chea ect 
(PROPRIETORS: CHANCE BROTHERS LTD.) 
LIGHTHOUSE WORKS : SMETHWICK « BIRMINGHAM 











High Performance-Strength-Stability. 
Close electrical and mechanical toler- 
ances. Grades to suit various appli- 
cations. 

23-25 Hyde Way, Welwyn Garden 
Tel: Welwyn Garden 925 City, Herts. 























The F.I. 
Type M.5 


Diameter, 3 in. 

Depth, 24 in. 

Weight, 2ibs. 

Coil impedence, 6 ohms at 
400 c.p.s. 

Average impedence, 50- 
10,000 c.p.s., 8.9 ohms. 
Finish: Nickel plate. 


Output for normal close 
speech across transformer 
with 250,000 secondary load ; 
0.20 volts. 


A MOVING COIL MICROPHONE 
FOR SPECIAL APPLICATIONS 


Adequate frequency response: 70-8,500 c.p.s. 
approx.: low impedance, giving maximum pro- 
tection against both R.F. and L.F. feedback. No 
polarising current required; no background; 
robustness; high sensitivity and no pronounced 
resonances are characteristics of this microphone. 


Inevitable minute variations from model to model make it 
impossible to publish figures which are 100% correct in 
every case. e can, however, guarantee that these vari- 
ations are small enough not to affect the performance. 


PRICE - €5 5s. Od. 
Transformer - Iis. Od. 


FILM INDUSTRIES Ltp. 60 PADDINGTON ST. W.1 


Telegrams: Troosound, Wesdo, London. Telephone: Welbeck 2385/6 
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During 6 war years we have. made 


FELT SHOCK-ABSORBING PADS 
FOR 


1,000,000 CRASH HELMETS 


If your Let 
Peacetime STERLING 
productions need quote you 


Any SHAPE-Any SIZE—Any QUANTITY 


STERLING 


TEXTILE INDUSTRIES LTD. 
STERLING WORKS, ALEXANDRA RD., 
PONDERS END, Middx. 


“Phone: Creme 
HOWARD 2214 §. 1788 STERTEX. ENFIELD 

















re WITCHES 


Cgupment 
4-VOLT - 5 VOLT - 6:3 VOLT HEATERS 


OLIVER PELL CONTROL LTD 
Telephone: WOOLWICH 1422 
CAMBRIDGE ROW- WOOLWICH S-E'18 










LONDEX for RELAYS 


A.C. and D.C. 


The wide range of 
Londex Relays 
covers, especially, 
the Wireless and 








Electronic fields. 
Ask for details Multiple contact 
and leaflet 205/EO Relay LF 








LONDEX LTD ES 


he 6258-9 
207 ANERLEY ROAD LONDON E.2( 
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HOW LONG 


Ud @ SIAC Of, Motng?” 


HERE is no answer. Or you may argue it is the 
exact footage of the string you do in fact possess. 
e 


It’s the things you actually possess that matter, not 
things in the vague future. With Bulgin it is the labour 
and materials now available that count. They govern our 
production and supplies of components. 


If we sacrificed quality for quantity, production 
would go up and our reputation would go down. That 
is a course we would never pursue. Bulgin quality will 


always be there. Sooner than you think, the quantity you 
need will be there also. 


BULGIN 
puns 9 
Famous bin 


A. F. BULGIN & CO., LTD. 


BYE PASS ROAD . BARKING . ESSEX 
RIPpleway 3474 (5 lines) 
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CLASSIFIED ANNOUNCEMENTS 


The charge for miscellaneous advertisements on this page is 12 words or less, 4/- and 4d. for every additional word. Box numbers 


count as four words, Pe 
Hulton Press, Ltd., s 


date: [5th of month for following issue. 


I/- extra for replies. Remittance should accompany advertisement. Cheques and P.O.’s payable to 
hoe Lane, E.C.4. Replies to box numbers should be addressed as above, marked “ Elec. Engg.”’ Press 





FOR SALE 


STOCK. Rectifiers, Accumulator Chargers, 
Converters, P.A. oy amg Mi Mains 
‘est Meters, etc. 
Special Transformers game for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.2. GER. 4447. 


ELECTRIC LIGHT glass multi fittings and a good 
selection of radio and electrical spares at a low cost. 
S.A.E. for list to Dioptrical Vision Aerial Co., 17, Mill 


IN 
Rotar 
T ormers, Speakers of most types, 


Hill, , Kent. 
ROTARY TRANSFORMERS 150 watts: 12 volt 
input, 600v. 250 m/a output, 55s. 20 watts: 6v. 


input, 200v. 50 m/a output, r2v. input 480 v. 40 m/a 
output, 19s. Mail Order Supply, 24 New Road, London, 
E.1. Carriage extra. 


SIEMENS 16 mm. cine camera for cathode ray tube 
photography. F.1.5 : 1/30-1/150 : 14-18 cms. 36v. 
operation. Ronson, 190 Bury New Road, Whitefield, 
Manchester. Whi: 2361. 


ENGINEER going abroad must sell large collection of 
apparatus including microphones, loudspeakers, test 
gear and components. State wants or send stamp for 
list to Box 915, ‘“‘ Elec. Engg.” 


BACK NUMBERS of I.E.E. Journal 1934-1940. 
Particulars on request. J. L. Williams, 108 Bloomfield 
Road, Brislington, Bristol, 4. 


0-1 mA METERS. First grade moving coil to A.I.D. 
specification. 2-in. scale. New. 20s. od. ail order 
only. Paynter, 30, Capri Road, Addiscombe, Surrey. 


COMMUNICATION RECEIVERS, seyeral brand 
new models in stock including Canadian very high gain 
model covering 16-500 metres in three bands, A.C. 
operation B.F.O., R.F., and Radio Gain controls, 
completely self-contained in grey metal cabinet with 
speaker and fully guaranteed for one year. These 
models are in very short supply, price 32 gns. each. We 
can also supply these complete five waveband com- 
munication receivers in black crackle cabinets with 
separate speaker, 30 gns. F. communication 
receivers covering 90-126 m/cs, 12 valve complete 
with separate speaker, a superb instrument, 45 gns. 
Several 60 watt. A.C. amplifiers with twin channel 
mixing from 12 gns. Motor tuned T.R.F. Radio and 
amplifier, 10 watt output can be operated from an 
room or manually, 30 gns. Valves, type EF50 wit 
valve holder, 7% | fully guaranteed. International 
Electronics, 655, Fulham Road, Walham Green, S.W.6. 
‘Phone : RENown 4178. 


LOUDSPEAKERS 


LOUDSPEAKERS—We carry on. Sinclair Speakers, 
12, Pembroke Street, N.1. 

LOUDSPEAKER spelen, British, American, any 
make, moderate prices.—Sinclair Speakers, 12, 
Pembroke Street, N.1. 


MISCELLANEOUS 


MECHANICAL ENGINEERS to the Electronic 
Industry. Precision and Optical Instruments of all 
t designed and constructed in collaboration with 
lectronic Engineers. Tecnaphot, Ltd., East Union 
Street, Rugby. 


WE WILL BUY at your price used radios, amplifiers, 
converters, test —— motors, gern speakers, 
ttc., radio and electrical accessories. Write, phone or 
a Doge ig Radio, Ltd., 22, Lisle Street, London, 
W.C.2. GER. 4447. 


TEST GEAR. Our 17 years’ experience in supply of 
apparatus in kit form is at your service. New 10-page 
lists describe oscillators, multimeters, valvetesters, 
signal tracers, bridges, etc. Maclachlan and Co., Ltd., 
S$trathyre. 


ALUMINIUM SHEET, panels, chassis, cabinets, 
tacks, plain or crackled. gee WE" "a 1: com- 
ments, metal valves, etc. S.A.E. lists. Amateur 
adio Service, G6HP, Canning Street, Burnley. 


BX-R.A.F. E.F. 50’s, all tested O.K., with holders, 
§ doz. Trade supplied. Write for new bargain list 

other valves, etc. No callers. Mail only to 15, 
Chesterton, 


Dragon Square, Stoke-on-Trent. 





THE NAME TO NOTE for all kinds.of radio and 
electrical metalwork to specification, modern rust- 
proofing, all shapes and sizes undertaken, and for 
tropical use. Components and sub assemblies executed 
w meet recognised wiring and material standards. 
Consultation, advice without obligation. Write: 
Department O1, Sea Rescue Equipment Ltd., Chiltern 
Works, Clarendon Road, Watford, Herts. 


WE HAVE THE Largest Stock of English any 
American radio books in the country, including mand 
now out of print. Write or call for complete list. The 
Modern Book Co. (Dept. E.E.), 19/23, Praed Street, 
London, W.C.2 (PAD. 4185). 


GREGG RADIO LTD., give you prompt and efficient 
trade repairs. Any part of this country. Quote Dept. 
H.W.x1., 7 Bond Street, Hull, Yorks. 


COMPONENTS FOR PROTOTYPES. —Com- 
mercial buyers for large industrial organisations, 
requiring components for prototypes (especially when 
they are in a hurry—which is mostly always) are 
gradually finding that the quickest way to get what 
they want is to ’phone Pad. 6116, or call at 177, 
Edgware Road (not far from Marble Arch) and take 
the goods away with them. No matter what is re- 
quired, if we haven’t got it in stock we always do our 
utmost to get it quickly, and we usually know where— 
and how. 


OUR OWN FACTORY.—We have just acquired 
additional space on the premises and now have our 
own factory—primarily engaged on cx ications 
apparatus, transmitters and U.H.F. receivers. Mind 
you, it is only a little factory, but it is surprising some- 
times what initiative and determined effort can do. 
WHEN you have a minute to spare—call in and see 
us—you will be quite interested. 

Tele-Radio (1943), Ltd., 177, Edgware Road, 
London, W.2 (PAD. 6116)? 


PHOTOGRAPHY BY BEHR will show your 
roduct at its best. Ask for illustrated list. 44, Temple 
‘ortune Lane, London, N.W.11. SPEedwell 4298. 


WEBB’S Radio Map of the World enables you to 
locate any station heard. Size 40 in. by 30 in. 2-colour 
heavy Art Paper, 4/6, t 6d. Limited supply on 
Linen, 10/6, post 6d.—Webb’s Radio, 14, Soho Street, 
London, W.1. ’Phone: GERrard 2089. 


MORSE Practice Equipment for Class-room or 
Individual Tuition. Keys, Audio Oscillators for both 
battery or main operation. Webb’s Radio, 14, Soho 
Street, London, W.1. *Phone: GERrard 2089. 





BERRY’S (SHORT WAVE) LTD.’s NEW 
EDITION OF THEIR sees CATALOGUE IS NOW 
READY ; 6d. POST FREE. Lots of brand new lines 


of great interest to all hams and amateurs includin 
DAqr (similar to TZ40), 55/-. 4274 A F.W. H.V. 
rectifier 1,000 v. at zoomA, 20/-. KT8C (50 watt in- 
put beam tetrode), 25/-. S.130 voltage stabiliser, 7/6. 
3 in. Cathode ray tubes, 70/-. 
“Q-MAX ” TANK COIL UNIT for 14, 28 and 56 Mc 
bands; new t receiver cabinet in black crackle 
cabinet with projecting front and sliding chassis, 79/6 ; 
also transmitting racks and chassis; ‘ Q-MAX” 
chassis cutter to cut your octal valve holes easily and 
quickly, 10/6 (Post 9d.). 2 new ‘“Q-MAX” slow 
motion dials for self-calibration; one 8-1 at 15/6 
Post 9d.). Available shortly, 50/1 precision type 
94 in. by 64 in.) for communcation type receivers at 
66/-; new tuning dials, TX labels; transmitting 
chokes. Precision measurement instruments including 
the new o/1 mA 6 in. by 5 in. at £6. 16. 6d., hot wire at 
42/- and thermo couple at 77/6; RTS LAB precision 
Universal measuring bridge at £18. 18s. 
LABGEAR transmitting, and neutralising condensers 
and inductances; Labgear Crystal Calibrator at 
£13. 16s.; Cathode Ra’ Viewing Unit at £15; Ab- 
sorption Wavemeters, from 15/6; Polystyrene Octal 
lug-in short wave Coils ; Guatts Crystals; RTS 
Precisi ion “LAB” Transformers covering every 
requirement including types such as 1750-1500-1250-0- 
1250-1500-1750 at 200 MA 0—2.5v. 5A 0-2-4v.-4A 
at £5 15. 6d.; Modulation Transformers ; -}--1 ber cent 
Precision Resistors, etc. etc., : 
DON’T DELAY—Send for a Catalogue now—com- 
pletely replaces our last edition—whether you want 
eek ae or later—you'll find it in our catalogue. 
BERRY’S (SHORT WAVE), LTD., 25 , High Holborn, 


London, W.C.1. (Opposite Chancery Lane). 





TESTING EQUIPMENT for laboratory and factory 
designed and manufactured by expert engineers. Ail 
types of non-standard equipment for research or mass- 
production. Free consultations. Gamma Electronics, 
Ltd., 12 Greenford Road, Greenford, Middlesex. 
Telephone WAXlow 3152. 


WE ARE NOW able to undertake the adjustment of 
resistors and capacitors over a wide mage to within o.1 
per cent. Customers’ own apparatus, including audio 
oscillators and wavemeters, carefully calibrated to any 
required degree of accuracy. We can supply special 
precision radio and mechanical components hs the 
small gear or coil to the complete apparatus for the 
solution of unusual problems. Facilities also available 
for instrument finishing, including : engraving panels 
and dials, black crackle enamelling, and silver, nickel 
or chrome plating instrument parts. Lydiate Ash 
Laboratories, nr. Bromsgrove, Worcs. 


SITUATIONS VACANT 


A.M.L.E.E., City and Guilds, etc,, on “‘ NO PASS— 
NO FEE” terms. Over 95 per cent. successes. For 
full details of modern courses in all branches of 
Electrical Technology send for our 112-page handbook 
—FREE and post free. B.I.E.T. (Dept. 337B), 17, 
Stratford Place, London, W.x1. 


SUPERINTENDENT of Test Gear Section required 
by London firm of radio component makers. The 
responsibility involves design and maintenance of 
electronic test equipment. Degree or equivalent with 
industrial experience essential. Salary {500 upwards 
according to qualifications. Apply Box 899. “ Elec. 
Engg.” < 


JUNIOR ENGINEER required for the laboratory of 
a London firm of radio component makers. Degree or 
equivalent essential. Salary £400 upwards according to 
qualifications. Apply Box goo, “ Elec. Engg.” 


SENIOR ENGINEER required for the laboratory of 
a London firm of radio component makers. Degree or 
equivalent with industrial experience essential. 
Salary {£500 upwards according to qualifications. 
Apply Box gor, “ Elec. Engg.” 


METALLURGIST required to undertake develop- 

ment work into the manufacture and application of 

tungsten carbide products. University degree preferred 

and experience in this field essential. Northampton or 

Swindon districts. Write stating age, experience, 

= and salary required to Box 895, “ Elec. 
ngg.” 


PROCESS CHEMIST, with analytical experience 
and degree or equivalent in chemistry, required to 
supervise pilot plant production and carry out develop- 
ment work in connection with electronic components. 
Northampton or Swindon districts. Write stating age, 
experience, qualifications and salary required to Box 
896, ** Elec. Engg.” 


CHEMIST required for development work on new 

type of cellulose acetate film for acoustic applications. 

Degree or equivalent in chemistry essential, plus 

experience of band casting machines. Northampton or 

Swindon districts. Write stating age, experience, 

—- and salary required to Box 897, “ Elec. 
ngg.” 


METALLURGIST OR PHYSICIST required for 

development work on magnetic iron problems ; degree 

or equivalent essential, plus pre‘erably experience in 

some branch of powder metallurgy. Northampton or 

Swindon districts. Write stating age, experience, 

; and salary required to Box 898, “ Elec. 
ngg.”” 


DEVELOPMENT ENGINEER required to supervise 
laboratory and development staff. Must have thorough 
knowledge and experience of L.F. and » and 
television technique, with particular emphasis on 
audio frequency and acoustic work. Practical ability 
to direct and supervise is essential. London Area. 
Box 879, “‘ Elec. Engg.” 


(Continued on next page) 
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PRODUCTION ENGINEER required by well-known 

London firm of condenser manufacturers. ood 

salary and scope for right man, must have radio 
referably component) manufacturing experience. 
x 874, “* Elec. Engg.” 


LARGE FIRM iin London area has vacancy in its 
research 4nd development departmentf or a mechanical 
or electrical engineer, to carry out the design and 
experimental work in connection with small electro- 
mechanical devices. Box 906, “ Elec. Engg.” 


COMMUNICATION ENGINEER, possessing 
engineering degree or equivalent, and at least five years 
experience in the design for production of communication 
type receivers and ‘transmitters (including F.M. equip- 
ment). West London area. Apply giving age, full 
details of education and experience, together with 
salary required to Box g1o0, “ Elec. Engg.” 


GLASS BLOWER required, used to hard and soft 
glass working for assembly of tubes and electronic 
devices. West London district. Salary £325 to £350 
per annum inclusive. Apply giving age, fullest details 
of training and experience, to Box 908, “ Elec. Engg.” 


CHEMIST REQUIRED for factory process control 
as applied to cathode ray tubes. Knowledge of fluores- 
cent materials and their application desirable, but not 
essential. Degree standard and several years industrial 
experience required. West London district. Appry 
giving age, full details of education, and experience, 
together with salary required to Box gog, “‘ Elec. Engg’’. 


LARGE FIRM in London area extending its research 
and development department, requires physicists. 
Honours degree essential and some research experience 
desirable. Please reply to Box 905, “Elec. Engg.” 


TECHNICAL ASSISTANT required for University 
Physics Department for construction and maintenance 
of teaching and research equipment. Permanent post, 
good prospects, child allowance, pension scheme, 
salary according to age and experience. Interest in 
practical pfysics essential, experience instrument 
making and/or vacuum electronics desirable. Apply, 
quoting FAV, Professor of Physics, University, 
Manchester 13. 


DEVELOPMENT LABORATORY Assistant re- 
quired, must have thorough knowledge and experience 
of L.F., H.F., and acoustics. London Area. Box 880, 
“ Elec. Engg.” 


VACANCIES EXIST in the Research Laboratories 
situated 25 miles from London of a large group of engi- 
neering and scientific companies, for senior engineers 
to take charge of : (1) Laboratory engaged on the design 
and development of industrial control equipment. 

(2) Laboratory engaged on the design and development 
of communication type radio receivers and transmitters. 
(3) Laboratory concerned with the theoretical design 
of electrical circuits embodying electronic devices. 
Applicants should hold first-class honours degrees in 
engineering or science and have had at least six years’ 
experience in a laboratory. Age not less than 30 years. 
Initia! salary {600-800 per annum. Applicants for 
vacancy 3 should have a good knowledge of 
advanced mathematics. Box 903, “Elec. Engg.” 


SENIOR DEVELOPMENT Engineer required by 
instrument company engaged in telecommunications, 
industrial and medical measuring equipment. Good 
degree or equivalent essential ; some years experience 
in comparable work including radio. Age at least 28 
years. Salary {590-£760 p.a. Box g21, “‘ Elec. Engg.” 


THE SERVICES of one or two engineers required, 
who have been employed during the war years on the 
development of radar ground and airborne equipment, 
and preferably with some knowledge of Gee. The 
situation is in the Manchester area and the salary up 
to {600 p.a. according to qualifications. Please reply 
giving full details of age, pre-war and war-time ex- 
perience, and when available, to Box 920, “ Elec 
Engg.” 


PRODUCTION MANAGER required to take charge 
of electronic instruments department. Salary £750. 
Apply in writing giving full details of training and 
experience to L.M.K. Manufacturing Co., Ltd., Harle- 
quin Avenue, Great West Road, Brentford. 


FERRANTI, LTD., require urgently for their new 
laboratories in Edinburgh, research personnel with or 
without industrial experience. Applicants must ‘be 
Hons. Graduates or have equivalent qualifications, 
and be of British nationality. Experience of radar 
desirable. Salary scale-—line up with new C.S. White 
Paper. Good prospects of advancement under ex- 
cellent working conditions. Apply Personnel Manager. 
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ELECTRICAL ENGINEER or electronic physicist 
required, capable of original calculations and design 
work on electronic equipment, wave propagation 
problems and similar work. Degree or equivalent and 
some research or design experience essential. Approxi- 
mate age 25-30. Salary £400 approx. Apply Staff 
Officer, British Insulated Callender’s Cables Ltd., 
Erith Works, Belvedere, Kent. Ref. SR. 8. 


LARGE FIRM in London area has vacancies in its 
development ‘department for test gear engineers. 
Several years’ experience in the design of electronic 
equipment is essential. Test gear assistants with 
experience in wiring and assembly of electronic equip- 
ment are also required. Write stating age, experience 
and salary required to Box gr2, “‘ Elec. Engg.” 


RESEARCH ASSISTANT required with knowledge 
of physics at least to General B,Sc., standard, and with 
3 years’ experience of electronic devices (not ex- 
clusively radio) for the development of instruments for 
routine and research measurements in physics and 
chemistry, and control devices for factory use. Age 
about 25. Box 917, “ Elec. Engg.” 


RADIO VALVE Engineer required for development 
work in London area. Technical qualifications in 
engineering or physics, and several years experience 
of valve manufacture essential. Salary commensurate 
with ability. Write stating age, qualifications and 
experience to Box 918, “ Elec. Engg.” 


WANTED 


WE OFFER cash for good modern Communication 
and all-wave Receivers.—A.C.S. Radio, 44, Widmore 
Road, Bromley. 


G.E.C. TYPE MAGNETRONS in working condition 
type Nos. C.W.1o0 and C.W.11. Southall Technical 
College, Beaconsfield Road, Southall, Middlesex. 


SITUATIONS WANTED 


RADAR MECHANIC (Ground), 5 years R.A.F., 
“Gee” etc., holds matric. knowledge higher maths., 
requires progressive post electronics. Box go7, ‘‘ Elec. 
Engg.” 


EX-CPL., Radar Mech. (R.A.F.), 25, C. & G. qualifica- 
tions, B.I.E.T. Student, seeks progressive post 
anywhere U.K. Box 904, “‘ Elec. Engg.” 


EX-CPL. R.A.F. Radar Mechanic. Age 30, 3 years’ 
experience maintenance and installation airborne radar 
and synthetic training eqpt. No civilian experience. 
Desires situation radio or electronics. Bucks or local 
county preferred. Keen, energetic. Box g11, ‘* Elec, 
Engg.” 


R. SIGNALS OFFICER, 33, Ex-Foreman of Signals 
and class 1 radio mechanic. Stud. B.I.E.T., C. & G. 
final. 15 years experience telecommunications, radio 
servicing, P.A. design and installation. Requires 
suitable position East Kent or Medway area. De- 
mobbed January 1947. Box 916, ‘“‘ Elec. Engg.” 


EX-REME MAJOR (26). Grad I.E.E. Higher 
National Diploma in electrical engineering, seeks 
progressive technical or administrative post in tele- 
communications or electronics. Experience in manu- 
facture of power transformers and five years service 
experience in maintenance and repair of large variety 
radar and telecommunications equipments. Responsible 
workshop and staff appointments held. Box 913, 
“ Elec. Engg.” 


WORKS MANAGER, B.Sc., Eng., A.M.I.E.E., age 
37, of well-known radio set and component makers, 
seeks a new appointment in a progressive company. 
Box 919, “ Elec. Engg.” 





Continuous Film Cameras 
For Standard Cathode Ray 
Tube Photography 
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HILL & CHURCHILL, 


Booksellers | LTD. 
SWANAGE, DORSET 


ENGLISH & AMERICAN 
BOOKS IN STOCK ON 
. RADIO AND 
TEL ECOMMUNICATION 


ad 


Catalogue on Application 














> *# €OR BCO * *% 
3,000,000 Books in stock. New and second-hand 
Books on Engineering and all other subjects. 


We buy Books, too 


119-125, Charing Cross Road, London, W.C.2 
Tel: GERrard 5660 (16 lines). Open 9-6 Inc. Sat. 


ee DEVELOPMENT 
ef \e LABORATORIES LTD. 
Announce BARNARD ROAD, BRADFORD 


DESIGN AND MANUFACTURE OF 
TRANSFORMERS AND COILS TO 
SPECIFICATION 


DELIVERY TIME 7 DAYS 











NEW DUAL TESTOSCOPE - 









os Ideal for High 
and Low Voltage Test- 
Ing;1/30,100/850 A.C.and D.C. 


Send for interesting leaflet 124 on 
Electrical and Radio Testing, from all Dealers or direct. 


RUNBAKEN MANCHESTER‘! 








TRANSFORMERS 


to customers’ specifica- 
farevik ime) am lime (eaelacrialas 


with standard list. 


W. BRYAN SAVAGE LTD. 


Westmereiend Road, London, N.W.9. Colindale 7131 











— PHOTO-ELECTRIC CELLS — 


Se/Te on gold-alloy, supersensitive to (ight, 
gas-filled, permanent, operate relay direct or 
with Valve Amplifier, perfect reproduction of 
Speech and Music from sound track of films ; 
large tube 3tin. from glass top to valve pin base, 
lin, diam., 38/-; same type 2}in. long, 35/-; 
small tube, 2in. from top to terminal base, fin 

diam., 30/-; miniature cell, glass top to cap base, 
lin. overall, tin. diam., thin flex leads, 28/-; all 
cells operate on 40-100 volts. Connections 
diagrams free. 

OPTICAL SYSTEM FOR SOUND FILM 
Operating from any. car headlight bulb. Our. 
patent external adjustment of the interior light- 
slit permits setting of a fine slit image from } to 2 
thousandth inch thick, for reading film sound 
track direct into Photo-cell, nickel tube 2in. long, 
gin. dia,, Zin, focus, 5$/-. Full instructions free 


CEFA INSTRUMENTS, 38a, York St., 
TWICKENHAM, Middx. POPesgrove 6597 











AVIMO LTD., TAUNTON (SOM.) 
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44.SOHO.ST., OXFORD ST., LONDON, W.I. 
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Some of the specialised equipment now available :- 


CERAMIC ROTARY SWITCHES 
A long-felt want is met by the WEARITE ceramic rotary 
switches, supplied in individual wafers and components. 
You assemble any desired combination of contacts to 
make the finest low-loss switch yet devised. Ideal for 
the super-efficient receiver and high-grade instrument 
work. Ceramic switch wafers available in three standard 
contact arrangements :— 
1 Pole,12 way .. 
2 Pole 6 way. 


.. (use index type 12A) 
. (use index type 6A) 


4Pole 3way ..  .. (use index type 3A) 
Ceramic wafer .. és a + sie one 
6 in. spindle with Index Po oa .. 4- 
Side Rod 24 in. long .. iy aa we 3d. 
ys tiga iM Me og a ney as a 4d. 
ba ek Oh ie ay oe ‘34 i 6d. 
Spacers ~ in. long is ss Sia Re hid. 
oP oe eg wa re 14d. 
es DI 9s a =“ ei oi 4d. 
Moulded Straps es Bsa 8d. 


Nuts ss 5 per dozen 3d. 
One moulded strap is required for each wafer -used. 
The 6 in. spindle supplied with the three types of Index 
can be readily cut down to required length. 


EXAMPLE OF COSTING :— 


Complete ceramic 2 wafer switch, 
each Wafer I pole 12 way .. fl: 1: 10 


TEST INSTRUMENTS 

In some directions these instruments are becoming a trifle 
easier in supply. Enquiries invited for such instruments 
as the AvoMeter Model 7 at £19:10:0. AvoMeter 


Model 40 at £17: 10:0 and the new Pullin “ Series 
” Po a Range Meter, 10,000 ohms per volt, price 


RADIO FEEDERS 

Webb’s 60) ohms feeder, something new. Read 
built in lengths of 50 and 35 feet. Spacing 34 in. wi 
18 gauge wire. Polythene spreaders securely moulded 
into wire every 20 inches, light and rigid construction. 
Supplied on drums ready for winding off, and immediate 
use. 

Per 50 foot drum.... £1: 17:6 Packing and des- 
Per 35 foot drum....é1: 6:3 patch extra 2/6 


C>-axial Cable, impedance 80 ohms, outside 

diameter ¥% in. any length supplied. Polythene internal 

insulation, weatherproof rubber outer covering. 
Per yard oe Ke oe ye 1/6 


Special. Ten yard lengths of y% in. 80 ohms 
co-axial as above fitted both ends with co-axial plugs and 
sockets. (Supplied only in ten yard lengths) Per length 
with plug and sockets .. ae ee oat. ae 


SCREENING CABINETS 

WEBB’S steel cabinets substantially built and well 
finished in black crackle, smooth black inside. In 
three sizes each fitted with hinged lid, internal chassis 
and removable front panel. These sizes cover most 
requirements for the construction of receivers, amplifiers, 
wavemeters and instruments in general. 

No. 1033 8} in. wide, 9} in. deep, 9 in. high £2: 2:6 
No. 1034 173 in. wide, 9} in. deep, 9§ in. high £2 : 12:6 
No. 1061 63 in. wide, 6 in. deep, 7 in. high £1: 10:0 


WEBB’S RADIO 


"Phone: GERrard 2089. — __ 


__ Hours of Business : 9 a.m. t 5.30 p.m. Sats. 9 a.m. to | p.m. 
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RUBBER.--TO - METAL BONDING 


The Problem of Insulating 
delicate instrument panels 
from vibration and shock 
by means of Flexilant Mountings 


“ FLEXILANT ” Mountings : Examples from the SERIES, 


The “ Flexilant*’ Mounting of which 
several varieties are illustrated here is 
so accurately made that its displacement 
under load can‘be calculated to within 
010° of _ requirements. , The series is 
designed to carry loads of from 1 to 45 Ibs, 
per mounting and these may be arranged 
with bolt axis at 90° to position, or the 
complete mounting may be inverted. The 
mountings can be supplied with or without 
holder and they can be arranged so that 
two utilize the same bolt. 


We should appreciate the opportunity of 
helping with your vibration problems. 
































RUBBER BONDERS Ltd. 
Enginecra tin Kubler bonded  milal | 
a = 


FLEXILANT WORKS - WATLING STREET - DUNSTABLE, BEDS. yN 


TELEGRAMS: FLEXILANT, DUNSTABLE | L 
ABI 


A Short Review of FLEXILANT _Products is available on enquiry . . 


| 


‘ 


ee ee 


TELEPHONE: DUNSTABLE 8035 


a Pes 
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